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EXECUTIVE SUMMARY 

This report presents the resu~s of a Groundwater Quality Assessment conducted at the American 

Steel Foundries Sebring Facility. The assessment was pertormed in accordance with the procedures 

described in the Groundwater Quality Ass('lssment Plan (RMT, i 992) which was approved by the Ohio 

Environmental Protection Agency. 

The purpose of the assessment was to determine whether any chemical constituents have been 

released from the landfill to groundwater. In order to accomplish this objective, additional 

groundwater monitoring wells were installed, a description of site geology and hydrogeology was 

prepared, and four quarters of groundwater quality data were collected. Upgradient and 

downgradient groundwater quality was compared to determine whether groundwater quality had 

changed. Based on the resu~s of this comparison, an enhanced groundwater monitoring program 

was developed. 

The landfill is located within a former strip mine. After the strip mine ceased operation, foundry waste 

was placed in the excavation. Mine spoils are present on the site, primarily along the northern. 

southern, and western perimeters of the landfill. The naturally occurring geologic deposits consist of 

alternating layers of sandstone and shale with coal and underclay. The uppermost aquifer is the 

Clarion shale. Groundwater flow is generally toward the west. 

A statistical evaluation of groundwater quality data was pertormed using both the tolerance interval 

method and, for parameters with a large proportion of 'non-detects', the test of proportions. 

Separate statistical evaluations were pertormed for wells screened in the shale and for wells screened 

in the spoils. Because spoils are not present upgradient of the landfill, a sidegradient spoils well was 

chosen to develop tolerance intervals for spoils wells. The resu~s of the statistical evaluation for spoils 

wells may not be statistically significant because of the limited available sidegradient data. 

The statistical comparison indicates that bicarbonate alkalinity, barium, fluoride, sodium, total organic 

carbon, and manganese are statistically different in downgradient shale wells compared to upgradient 

shale wells. 
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As a resu~ of activities conducted during 1 994, an enhanced groundwater monitoring program was 

developed. The program includes the addition of four groundwater monitoring wells screened in the 

uppermost aquifer, the Clarion Shale. Semiannual groundwater sampling and reporting will be 

performed to monitor groundwater flow and quality. 
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Section 1 

INTRODUCTION 

This report presents the resu~s of the Groundwater Quality Assessment conducted at the American 

Steel Foundries (ASF) Alliance, Ohio Sebring facility (landfill). 

1.1 Background 

The landfill, shown on Figure 1, has been in operation for over 20 years as a disposal site for typical 

foundry wastes from the Sebring facility, including foundry sand, refractories, slag material, and sludge 

from the sand washers and wet dust collectors. 

The possibility exists that, during the past 20 years, hazardous electric arc furnace baghouse dust 

was intermixed with typical foundry waste and deposited in the landfill. To assess the possibility that 

hazardous materials were placed in the landfill and may have impacted the groundwater quality, ASF 

has agreed, as part of a consent decree, to perform a groundwater quality assessment of the site 

under RCRA 40 CFR Part 265 Subpart F, and Ohio Administrative Code (OAC) 3745-65, et seq. 

1.2 Purpose and Scope 

The purpose of this investigation was to determine if releases of hazardous waste or hazardous waste 

constituents from the landfill to groundwater have occurred. The investigation was conducted in 

accordance with the Groundwater Quality Assessment Plan (RMT, 1 992). The scope of the 

investigation included the following: 

• Installation of additional groundwater monitoring wells. 

• Sampling site groundwater monitoring wells on a quarterly basis for a period of one 
year. 

• Preparing quarterly reports and submitting them to the OEPA. 

• Summarizing site hydrogeologic data. 

• Performing a statistical evaluation of groundwater quality. 

• Preparing a long-term groundwater monitoring plan. 
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Section 2 

WORK PERFORMED 

The field investigation consisted of installation of eight additional groundwater monitoring wells and 

sampling of monitoring wells during four quarters. 

2.1 Monitoring Well Installation 

Monitoring wells MW-19, MW-19P, MW-21, MW-21P, MW-22, MW-22P, MW-23, and MW-23P were 

installed in November 1993 by Summit Drilling under the supervision of RMT. Wells were constructed 

using procedures outlined in the Groundwater Sampling Plan (RMT, 1992). Drilling logs and well 

construction details for these wells are presented in Appendices A and 8, respectively. Drilling logs 

and well construction details for all other wells were presented in the Groundwater Quality Assessment 

Plan (RMT, 1992). Well construction information for all site monitoring wells is presented in Table 1. 

Well locations are shown in Figure 1. 

2.2 Groundwater Sampling 

Groundwater sampling was conducted in December 1993 and March, June, and September, 1994. 

The Groundwater Quality Assessment Plan (Plan) required that during the first quarterly sampling 

wells MW-1A, MW-4A, MW-13, MW-14, MW-19, MW-19P, MW-20, MW-21, MW-21P, MW-22, MW-22P, 

and MW-23 be sampled and analyzed for the following: 

• Water quality and indicator parameters (Table 3-1 of the Plan). 

• Volatile organic compounds (Table 3-2 of the Plan). 

• Appendix IX Metals (Table 3-3 of the Plan). 

During the second, third, and fourth quarter monitoring, the following parameters were analyzed: 

• Water quality and indicator parameters (Table 3-1 of the Plan). 

• Selected Appendix IX metals which were detected above the Practical Quantita:.tion 
Limits (POLs) (Table 3-3 of the Plan, revised). 

• Compounds found in the ASF waste stream (Table 3-5 of the Plan). 
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The selected Appendix IX metals list excludes the following compounds that were not detected above 

the POL and that are not on Table 3-5 of the Plan: beryllium, cyanide, thallium, and vanadium. 

Copies of Tables 3-1, 3-2, 3-3, 3-5, from the Plan and Table 3-3 (revised after the first quarter 

monitoring) are presented in Appendix C. 

Well MW-19P produces very little water and recovers very slowly. As a resu~. samples were not 

collected from this well during the second imd fourth quarters. Bicarbonate alkalinity was not 

analyzed for the fourth quarter because of a laboratory oversight. 
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The landfill is located wtthin a former strip-mine ptt. The Middle KITtanning No.6 and Lower KITtanning 

No.5 coal beds were strip mined in addttion to the Lower KITtanning Underclay and some of the softer 

shale beneath tt. Subsequently, foundry waste was placed in the excavation created by the strip 

mine. 

Based on a stratigraphic section measured at the stte, the strata adjacent to the faciltty are composed 

primarily of a~ernating thick and thin layers of sandstone and shale wtth varying thicknesses of coal 

and underclay. The uppermost aquifer in the vicintty of the stte is the Clarion Shale which is the unit 

underlying the coal beds that were mined at the stte. 

Geologic cross sections were constructed to illustrate stte condttions. Cross section locations are 

shown on Figure 1. Geologic cross section A-A' (Figure 2) runs along the western perimeter 

(downgradient perimeter of the landfill wtth respect to groundwater flow). Geologic cross sections B

B' and C-C' (Figure 2) run from east to west {from upgradient to downgradient) through the landfill. 

Bedrock crops out on the east side of the landfill and consists of thin interbeds of si~stone, shale and 

sandstone. Secondary permeabiliTy is likely to occur in fractures and along bedding planes in this 

generally fine-grained sequence of sedimentary rock. 

Mine spoils are present in the vicintty of the landfill, primarily along the northern, western and southern 

borders of the landfill. The spoils material is generally fine-grained. Gravel and cobble sized material 

found in the spoils usually consists of shale or si~stone bedrock fragments. The thickness of the spoils 

along the western side of the landfill ranges from approximately 11 feet (well MW-20) to 43 feet (well 

MW-22P). Based on existing borings, spoils are present along the entire western perimeter of the 

.landfill. The thickest spoils are likely in the northwest corner of the stte. 
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Foundry wastes, including foundry sand, range in texture from poorly graded silty sand to clay. The 

foundry waste is more than 45 teet thick in the center of the landfilL The foundry waste appears to be 

in contact with spoils and the Clarion Shale along the western perimeter of the landfill (See Figure 2) 

3.2 Hydrogeology 

The uppermost aquifer at the site is the Clarion Shale. Groundwater measurements were collected 

concurrently with groundwater sampling and are presented on Table 2. Water table maps, showing 

the direction of groundwater ftow during the third and fourth quarters respectively, are presented on 

Figures 3 and 4. 

Groundwater flow direction is generally toward the west. The horizontal hydraulic gradient is steeper 

in the eastern portion of the property (approximately 0.02) compared to the western portion of the 

property (approximately 0.001). The water table occurs in the shale (wells MW-19 and MW-14) or the 

underclay (well MW-1A) upgradient of the landfill. Downgradient of the landfill, the water table occurs 

in the spoils, with the exception of well MW-20 (See geologic cross sections 8-8' and C-C' on Figure 

2). 

Vertical gradients were calculated for the well nests and are presented in Table 3. Vertical gradients 

vary seasonally at well nests MW-1NMW-1 and MW4NMW4: Gradients are upward during the 

winter and early spring months and downward (groundwater recharge conditions) during the summer 

months. The vertical gradient at well nest MW-19/MW-19P is strongly downward, probably a resu~ of 

the low hydraulic conductivity of the shale. Vertical gradients were consistently downward at well nest 

MW-21/MW-21 P and upward at well nest MW-22/MW-22P. 

3.3 Description of Current Groundwater Monitoring Program 

The current groundwater monitoring well network is summarized on Table 4. Screen depths are 

presented on Table 1. The depths of screened intervals are illustrated on the geologic cross sections, 

. Figure 2. This program was originally presented in the Groundwater Assessment Plan (RMT, 1992) 

and was approved by the Ohio Environmental Protection Agency. 

There are four upgradient wells each screened in the shale. There are seven downgradient wells, 
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three screened in the shale and four screened in the spoils. As indicated in Section 2.2, with one 

exception, the water table is present in the spoils downgradient of the landfill. There are no 

upgradient wells screened in spoils because spoils were not encountered upgradient of the landfill. 

Well MW-23 a sidegradient well and is screened in spoils. 

Groundwater quality samples were collected during four quarterly events performed during the period 

December 1 993 through September 1994. Well MW-1 9P produces very little water and recovers very 

slowly. As a result, samples were not collected from this well during the second and fourth quarters. 

The discussion of groundwater quality presented in this report is based on the results of this 

sampling. Analytical results from the first three quarters were presented in previous reports. 

Analytical results from the fourth quarter sampling are presented in Appendix D. 

3.4 ResuHs of Statistical Analysis of Groundwater Quality Data 

Statistical methods were used to compare upgradient monitoring well data with downgradient 

monitoring well data. This comparison was made to assess whether the landfill was affecting 

groundwater quality. The statistical methods and results are discussed in the following paragraphs. 

3.4.1 Statistical Methods 

A tolerance interval approach was used to compare background monitoring well data to 

downgradient monitoring well data A tolerance interval is constructed from the data collected 

from unaffected upgradient background wells. The tolerance interval is constructed by first 

calculating the mean upgradient concentration of each parameter using all available 

upgradient data points. Then an interval above and below the mean is created based on the 

variability of the background data. The upper tolerance limit is calculated as follows: 

TL=X+KxS 

where: 

TL is the upper tolerance limit 

X is the mean 

K is the tolerance factor determine from Table 5, Appendix E, and is based on the 
number of samples (n) 

S is the standard deration 

A more detailed description of the statistical procedure and calculations is presented in 

Appendix E. In the case of several parameters, the measured parameter concentration was 
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below the detection limit. For parameters where the percentage of non-detects was between 

0% and 50%, the tolerance interval approach was used and the detection limit was substituted 

for non-detect values. 

In the case of all parameters except pH, an upper tolerance interval was calculated and 

compared to the actual value for a specific downgradient well. For pH, both upper and lower 

tolerance intervals were calculated. 

For parameters where the percentage of non-detects exceeded 50%, the tolerance interval 

approach is not appropriate and a test of proportions was used. The test of proportions is a 

method to determine whether a difference in the proportion of detected values in the 

background well data compared to the downgradient well data provides statistically significant 

evidence of impact. The procedure is described in Appendix E. 

Each of the statistical methods used here is described in the U.S. EPA publication 'Statistical 

Analysis of Ground-Water Monitoring Data at RCRA Facilities• (U.S. EPA, 1989}. 

Statistical comparisons of upgradient and downgradient groundwater quality were pertormed 

for the following parameters using the method indicated. 

Tolerance Interval Method 

Chloride 

Specific Conductance 

Manganese 

Sodium 

Su~ate 

Su~ide 

Total Organic Carbon 

Total Organic Halides 

pH 

Fluoride 

Iron 

9 

Test of Proportions Method 

Arsenic 

Cadmium 

Coba~ 

Copper 

Nickel 

Zinc 

Bicarbonate Alkalinity 

Carbonate Alkalinity 

Antimony 

Barium 
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Volatile organic compounds (VOCs) were analyzed during the first quarterly sampling round. 

No VOCs were detected wnh the exception of chloroform at upgradient well MW-1 9P. VOCs 

were not analyzed during subsequent rounds and therefore no statistical analysis was 

performed. 

The following inorganic parameters analyzed during the first round did not exceed the 

Practical Quantttation Umn (POL) and were therefore not analyzed during subsequent rounds: 

beryllium, cyanide, thallium, and vanadium. No statistical analysis was performed for these 

parameters. 

The following parameters were analyzed for during all quarters and did not exceed the 

detection limn in upgradient or downgradient wells during any of the sampling rounds: lead, 

mercury, selenium, silver, and tin. No statistical analysis was performed for these parameters. 

3.4.2 ResuHs of Statistical Analysis 

As indicated previously, monnoring wells at the sne are screened enher in the spoils or the 

shale. Each of these two unns is characterized by different groundwater chemistry. 

Therefore independent statistical comparisons were made for wells screened in the shale and 

for wells screened in the spoils. As indicated on Table 4, there are four upgradient shale 

wells (MW-1A, MW-14, MW-19, and MW-19P). 

There is only one sidegradient well screened in the spoils (MW-23) and no spoils wells located 

directly upgradient. While there is sufficient upgradient data to calculate tolerance intervals for 

shale wells, there is limned upgradient data (3 to 4 data points per parameter) to calculate 

tolerance intervals for spoils wells. Regardless, tolerance intervals were calculated based on 

resu~s from well MW-23. However, the resu~s of the statistical comparison of spoils wells are 

likely not conclusive because of the limned upgradient data and should be reevaluated based 

on 1995 monnoring resu~s. In addnion, the spoils piles are a resu~ of mining activtty and 

there could be substantial variabiltty in the chemical characteristics of the spoils from location 
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to location. Conclusions regarding potential groundwater impact in spoils wells as a resu~ of 

landfill operations should not be made based on this analysis. 

Tolerance intervals were calculated based on data from upgradient shale wells and are 

presented on Table E1, Appendix E. The comparison between observed downgradient 

constituent concentrations and the tolerance intervals for shale wells is presented in Table E2, 

Appendix E. Table E2 also presents the resutts of the test of proportions. 

Tolerance intervals based on data from the sidegradient spoils well are presented on Table 

E3, Appendix E. The comparison between observed downgradient constituent 

concentrations and the tolerance intervals for spoils wells is presented in Table E4, Appendix 

E. 

Summaries of tolerance interval exceedances for shale wells and spoils wells are presented in 

Tables 5 and 6, respectively. A discussion of the resutts of the statistical evaluation follows. 

Bicarbonate AlkallnHy 

A tolerance interval for bicarbonate alkalinity in shale wells was not calculated because 

there were only three upgradient detects in shale wells. There were 8 downgradient 

detects in shale wells. The resutts of the test of proportions suggests that there is a 

significant difference between upgradient and downgradient bicarbonate alkalinity in 

the shale. 

Carbonate Alkalinity 

Carbonate alkalinity concentrations at spoils wells MW-4A, MW-21, and MW-22 

exceeded the tolerance interval on one occasion at each well. 

Barium 

A tolerance interval for barium was not calculated because there were no upgradient 

detects in shale wells. There were 8 downgradient detects. The resutts of the test of 

proportions suggests that there is a significant difference between upgradient and 

downgradient barium concentrations in the shale. Downgradient concentrations 
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ranged from 110 ug/L to 240 ug/L, below the U.S. EPA maximum contaminant level 

(MCL) of 1,000 ug!L 

Fluoride 

Fluoride concentrations at downgradient shale wells MW-21 P and MW-22P exceeded 

the tolerance interval at each well on all four sampling dates. Fluoride concentrations 

at well MW-21 P ranged from 2.9 to 3.6 mg/L and fluoride concentrations at well MW-

22P ranged from 9 to 1 o mg/L The MCL is 4 mg/L. 

Fluoride concentrations at downgradient spoils wells MW-13, MW-21 and MW-22 also 

exceeded the tolerance interval established using sidegradient well MW-23. 

Sodium 

The sodium concentration at downgradient shale wells MW-21P and MW-22P 

exceeded the tolerance interval at each well on three occasions and four occasions, 

respectively. The sodium concentration at downgradient spoils well MW-21 exceeded 

the tolerance interval established using sidegradient well MW-23 on four occasions. 

Total Organic Carbon 

The total organic carbon (TOC) concentration at downgradient shale well MW-21 P 

exceeded the tolerance interval on one occasion. The TOC concentration at 

downgradient spoils well MW-4A, MW-13, MW-21, and MW-22 exceeded the tolerance 

interval established using sidegradient well MW-23 on four occasions. 

Total Organic Halides 

The total organic halide (TOX) concentration at shale well MW-21 P exceeded the 

tolerance interval on one occasion. 

Manganese 

The manganese concentration at downgradient shale well MW-20 exceeded the 

tolerance interval on three occasions. The manganese concentration at downgradient 

spoils wells MW-4A, MW-13, MW-21 and MW-22 exceeded the tolerance interval 

12 2169.1SRTY:ASF0920 



GROUNDWATER QUALITY ASSESSMENT DECEMBER 1994 

AMERICAN STEEL FOUNDRIES FINAL COPY 

established using sidegradient well MW-23. Concentrations ranged from 7,800 to 

1 5, 000 ug/L The secondary drinking water MCL is so ug/L 

Zinc 

The zinc concentration at downgradient spoils well MW-13 exceeded the tolerance 

interval established using sidegradient well MW-23 on four occasions. Concentrations 

ranged from 230 to 370 ug/L The secondary drinking water MCL is 5,000 ug/L 

In summary, it appears that bicarbonate alkalinity, barium, fluoride, sodium, TOC, TOX and 

manganese concentrations are statistically different in certain downgradient shale wells compared to 

upgradient shale wells. Zinc, carbonate alkalinity, fluoride, sodium, TOC and manganese 

concentrations in several spoils well appear to be statistically different than sidegradient spoils well 

MW-23. However, this conclusion is based on limited data and because of the substantial potential 

natural variability of geochemistry in these mine spoils piles, comparison of groundwater quality data 

from spoils wells may not be appropriate. 
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Section 4 

PROPOSED GROUNDWATER MONITORING SYSTEM 

Based on the resu~s of the four quarters of groundwater monitoring, it appears that there are some 

differences between upgradient and downgradient concentrations for certain parameters. In order to 

better evaluate these, several modifications to the monitoring program are being recommended. 

Several additional groundwater monitoring wells are proposed to create better horizontal and vertical 

coverage of the area downgradient of the landfill. The addition of these wells is consistent with the 

discussions which occurred between ASF and OEPA during the July 25, 1994 meeting. A summary of 

the revised monitoring program is presented in Table 7 and a brief description of the program follows. 

Each of the proposed monitoring wells will be screened within the uppermost aquifer, the Clarion 

Shale. Well MW-24 will be installed midway between existing well MW-20 and existing wells MW-

21/MW-21P. Well MW-25 will be installed midway between existing wells MW-21/MW-21P and existing 

wells MW-22/MW-22P. With the addition of these two wells there should be good coverage of the 

entire western (downgradient) border of the landfill. 

Additional wells screened in the shale, MW-12P and MW-13P, are proposed at the existing well MW-

12, and MW-13 locations, respectively. Well MW-12P will monitor groundwater leaving toward the 

southwest of the landfill and also may monitor potential affects from the Pond. Well MW-12 will be 

monitored for water levels but not water quality. Well MW-13P will monitor groundwater in the shale 

downgradient of the northern portion of the landill. 

No additional wells are proposed to be installed in the spoils because it appears that there is 

substantial natural variability in the geochemistry of the spoils. In addition, the spoils are not present 

upgradient of the landfill, making it impossible to perform true upgradient/downgradient comparisons. 

Monitoring the existing monitoring wells screened in the spoils should be sufficient. 
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The parameters to be analyzed have been modified as a result of observations made during the past 

four quarterly samplings. The revised parameter list consists of metals and the field indicator 

parameters pH, specific conductance, and temperature. Eight parameters were either not detected 

(mercury, selenium, silver, tin, and lead) or detected only several times (carbonate alkalinity, copper, 

and chromium), during the past four quarters. Tin, copper, carbonate alkalinity, bicarbonate alkalinity, 

sulfide, total organic carbon, total organic halides, and sodium are not related to the ASF Sebring 

Facility waste stream (See Appendix C, Table 3-5) and have therefore been eliminated from the 

program. Nitrate nitrogen is also unrelated to the ASF waste and has been eliminated. No statistical 

exceedances for chloride and sulfate were noted during 1994 monitoring and these parameters have 

therefore been eliminated. Sampling will be conducted on a semi-annual basis. Mercury, selenium, 

silver, lead, and chromium were present in the ASF waste stream but were not detected or were 

detected infrequently and will therefore be analyzed on an annual basis. 

Iron and manganese concentrations may be indicative of impacts from previous mining operations. 

These parameters have been retained in the program, but results of these analyses will be evaluated 

in light of previous mining operations. 
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MW-1 1126.73 1124.2 

MW-1A 1126.09 1123.9 

MW-2 1101.96 1100.3 

MW-3 1093.14 1091.2 

MW-4 1085.13 1082.6 

MW-4A 1085.2 1082.8 

MW-12 1087.94 1085.6 

MW-13 1107.70 1106.2 

MW-14 1131.18 1128.9 

MW-19 1141.16 1138.7 

MW-19P 1141.36 1138.9 

MW-20 1113.21 1110.7 

MW-21 1101.12 1098.6 

MW-21P 1100.17 1097.7 

MW-22 1091.01 1088.5 

MW-22P 1091.23 1088.7 

MW-23 1107.81 1105.3 

Tabla 1 

SUMMARY OF MONITORING WELL CONSTRUCTION INFORMATION 

ASF SEBRING FACILITY 

AMERICAN STEEL FOUNDRIES 

ALLIANCE, OHIO 

52 51.1 44.5 to 49.5 1074.7 to 1079.7 

42.2 42.4 30 to 40 1083.9 to 1093.9 

36.1 36.6 29.1 to 34.1 1066.2 to 1071.2 

27 26.6 19.8 to 24.8 1066.4 to 1071.4 

32.5 32.2 25 to 30 1052.6 to 1057.6 

16.9 17.5 4.5 to 14.5 1068.3 to 1078.3 

37.3 37.4 25 to 35 1050.6 to 1060.6 

39.5 39.2 28 to 38 1068.2 to 1078.2 

61.8 61.9 49.5 to 59.5 1069.4 to 1079.4 

34.5 34.3 22 to 32 1106.7 to 1116.7 

106.5 108.6 99 to 104 1034.9 to 1039.9 

41.5 41.3 29 to 39 1071.7 to 1081.7 

32.5 32.4 20 to 30 1068.6 to 1078.6 

67.5 68.4 60 to 65 1032.7 to 1037.7 

24.5 22.0 10 to 20 1068.5 to 1078.5 

67.5 67.0 60 to 65 1023.7 to 1028.7 

28.5 27.5 16 to 26 1079.3 to 1089.3 

(1) Depth measured from top of casing by RMT on September 15, 1994 

(2) Water levels from June 15, 16, and 17, 1994 

c:ajs\projects\asf\welldata.wk3; date 27-0ct-94 

Shale 1091.20 

Shale 1091.56 

Spoils 1076.94 

Spoils 1076.89 

Spoils 1076.63 

Spoils/Foundry Sand 1076.61 

Sand and Spoils 1077.63 

Spoils 1079.10 

Shale 1080.58 

Shale 1113.45 

Shale 1039.07 

Shale 1079.31 

Spoils 1078.56 

Shale 1077.42 

Spoils 1077.18 

Shale 1071.83 

Sooils 1088.74 



MW-1 Shale 1126.73 

MW-1A Shale 1126.09 

MW-2 Shale 1101.96 

MW-3 Spoils 1093.14 

MW-4 Spoils I 1085.13 I 

MW-4A Spoils I 1085.20 I 

MW-12 Sand and Spoils 1087.94 

MW-13 Spoils 1107.70 

MW-14 Shale 1131.18 

MW-19 Bedrock 1141.16 

MW-19P Bedrock 1141.36 

MW-20 Bedrock 1113.21 

MW-21 Spoils 1101.12 

MW-21P Bedrock 1100.17 

MW-22 Spoils 1091.01 

MW-22P Bedrock 1091.23 

MW-23 I Spoils 1107.81 

2169.18:RTY:ASF0920. t 

34.11 

34.66 

24.32 

15.53 

7.90 

8.05 

9.69 

27.21 

49.52 

27.64 

66.24 

41.48 

21.82 

21.92 

13.18 

19.60 

18.16 

Table 2 

GROUNDWATER ELEVATIONS 
SEBRING FACILITY 

AMERICAN STEEL FOUNDRIES 
ALLIANCE, OHIO 

1092.62 34.45 1092.28 

1091.43 33.89 1092.20 

1076.64 23.42 1078.54 

1076.61 14.62 1078.52 

I 1077.23 I 7.07 I 1078.06 

I 1077.15 I 7.68 I 1077.52 

1078.25 9.05 1078.89 

1080.49 24.60 1083.10 

1081.66 48.70 1082.48 

1113.52 25.83 1115.33 

1075.12 103.12 1038,24 

1071.73 29.81 1083.40 

1079.30 20.86 1080.26 

1078.25 20.77 1079.40 

1077.83 12.27 1078.74 

1071.63 18.63 1072.60 

1089.65 18.75 1089.06 

35.53 1091.20 35.27 1091.46 

34.53 1091.56 34.61 1091.48 

25.02 1076.94 I 25.00 I 1076.96 

16.23 1076.89 I 16.30 I 1076.84 

I 8.50 I 1076.63 I 8.40 I 1076.73 

I 8.59 I 1076.61 I 8.48 I 1076.72 

10.31 1077.63 10.14 1077.80 

28.60 1079.10 29.19 1078.51 

50.60 1080.58 50.64 1080.54 

27.71 1113.45 I 28.40 I 1112.76 

102.29 1039.07 I 102.90 I 1038.46 

33.90 1079.31 34.45 1078.76 

22.56 1078.56 23.00 1078.12 

22.75 1077.42 21.60 1078.57 

13.83 1077.18 13.81 1077.20 

19.40 1071.83 20.03 1071.20 

19.07 1088.74 19.21 I 1088.60 



Shale 1091.43 
Shale 1092.62 

Spoils\Foundry Sand 1077.15 
Sooils 1077.23 

Shale 1113.52 
Shale 1075.12 

Spoils 1079.3 
Shale 1078.25 

MW-22 
I 

Spoils 1077.83 
MW-22P Sh 

Notes: 

3 
VERTICAL GROUNDWATER GRADIENTS 

SEBRING FACILITY 
AMERICAN STEEL FOUNDRIES 

ALLIANCE, OHIO 

-0.0836 1092.2 -0.0053 
(1 2) 1092.28 

-0.0036 1077.52 -0.0241 
1078.06 

0.5168 1115.33 1.0376 
(3) 1038.24 

0.0273 1080.26 0.0224 
1079.4 

0.1201 1078.74 0.1169 

(1) Negative value for vertical gradient indicates upward vertical gradient 
(2) Positive value for vertical gradient indicates downward vertical gradient 

AJS- c:\projects\asf\vertgra.wk3; date 27-0ct-94 

1091.56 0.0251 I 1091.48 
1091.2 

1076.61 0.0130 1076.72 -0.0005 
1076.33 1076.73 

1113.45 1.0011 1112.76 1.0000 
1039.07 1038.46 

1078.56 0.0297 1079.52 0.0612 
1077.42 1077.17 

1077.18 0.1049 1077.2 0.1176 



TABLE 4 
SUMMARY OF GROUNDWATER MONITORING PROGRAM 

SEBRING FACILITY 

MW-1A 

MW-19 

MW-19P 

MW-14 

• - Spoils and Foundry Sand 

• • - Sidegradient well 

AMERICAN STEEL FOUNDRIES 
ALLIANCE, OHIO 

MW-23** MW-20 

MW-21P 

MW-22P 

AJS- c:\projects\asf\monprog.wk3; date 26-0ct-94 

MW-4A* 
MW-13 

MW-21 

MW-22 



MW21P 17-Dec-93 
MW21P 16-Mar-94 
MW21P 16-Jun-94 
MW21P 14-Sep-94 
MW22P 16-Dec-93 
MW22P 15-Mar-94 
MW22P 16-Jun-94 
MW22P 14-Sep-94 

MW20 16-Dec-93 
MW20 16-Mar-94 
MW20 14-Sep-94 

MW21P 17-Dec-93 
MW21P 16-Jun-94 
MW21P 14-Sep-94 
MW22P 16-Dec-93 
MW22P 15-Mar-94 
MW22P 16-Jun-94 
MW22P 14-Sep-94 

MW21P I 14-Sep-94 

Table 5 
SUMMARY OF STATISTICAL EXCEEDANCES OF TOLERANCE INTERVALS- SHALE WELLS 

SEBRING FACILITY 
AMERICAN STEEL FOUNDRIES 

ALLIANCE, OHIO 

FLUORIDE 3.3 mg/L 2.04 

FLUORIDE 3.6 mg/L 2.04 

FLUORIDE 3.1 mg/L 2.04 

FLUORIDE 2.9 MG/L 2.04 

FLUORIDE 9 mg/L 2.04 

FLUORIDE 10 mg/L 2.04 

FLUORIDE 9.5 mg/L 2.04 

FLUORIDE 9.5 MG/L 2.04 

MANGANESE, DISSOLVED 10000 ug/L 2748 

MANGANESE, DISSOLVED 8200 ug/L 2748 

MANGANESE, DISSOLVED 8300 UG/L 2748 

SODIUM, DISSOLVED 290000 ug/L 212143 

SODIUM, DISSOLVED 330000 ug/L 212143 

SODIUM, DISSOLVED 340000 UG/L 212143 

SODIUM, DISSOLVED 470000 ug/L 212143 

SODIUM, DISSOLVED 470000 ug/L 212143 

SODIUM, DISSOLVED 580000 ug/L 212143 

SODIUM, DISSOLVED 500000 UG/L 212143 

TOTAL ORGANIC CARBON AS NPOC 43 MG/L 35.5 

c:\projects\asf\exceed.wk3; date 11-Nov-94 

Shale 
Shale 
Shale 
Shale 
Shale 
Shale 
Shale 
Shale 

Shale 
Shale 
Shale 

Shale 
Shale 
Shale 
Shale 
Shale 
Shale 
Shale 

Shale 



MW22 

MW04A 
MW13 
MW13 
MW13 
MW13 
MW21 
MW21 
MW21 
MW21 
MW22 

MW21 
MW21 
MW21 
MW21 

MW04A 
MW04A 

SUMMARY OF STATISTICAL EXCEEDANCES OF TOLERANCE INTERVALS- SPOILS WELLS 
AMERJCAN STEEL FOUNDRIES 

SEBRING FACIUTY 
DATA FROM FIRST FOUR QUARTERS 

CARBONATE 420 MG/L 
CARBONATE 350 MG/L 

• CARBONATE 140 MG/L 

0.3B mg/L 
15-Jun-94 0.84 mg/L 
14-Sap-94 O.BB MG/L 
16-Dec-93 0.49 mg/L 
15-Mar-94 0.55 mg/L 
17-Jun-94 0.85 mg/L 
14-Sep-94 0.66 MG/L 
15-Dec-93 0.45 mg/L 
15-Mar-94 0.66 mg/L 
15-Jun-94 0.5 mg/L 
14-Sep-94 0.6 MG/L 

16-Dec-93 DISSOLVED 7600 Ug/L 
16-0ec-93 DISSOLVED 13000 Ug/L 
15-Mar-94 DISSOLVED 11000 ug/L 

DISSOLVED 15000 ug/L 
14-Sep-94 DISSOLVED 12000 UG/L 
16-Dec-93 DISSOLVED 13000 ug/L 
15-Mar-94 DISSOLVED 11000 ug/L 
17-Jun-94 DISSOLVED 14000 ug/L 
14-Sep-94 DISSOLVED 10000 UG/L 
15-Dec-93 DISSOLVED 8000 ug/L 

16-0ec-93 DISSOLVED 130000 ug/L 
15-Mar-94 DISSOLVED 130000 ug/L 
17-Jun-94 DISSOLVED 130000 ug/L 
14-Sap-94 DISSOLVED 120000 UG/L 

ORGANIC CARBON AS NPOC 7 mg/L 
ORGANIC CARBON AS NPOC 13 mg/L 
ORGANIC CARBON AS NPOC 2.4 mg/L 
ORGANIC CARBON AS NPOC 18 MG/L 
ORGANIC CARBON AS NPOC 8.2 mg/L 
ORGANIC CARBON AS NPOC 4.3 mg/L 
ORGANIC CARBON AS NPOC 3.3 mg/L 
ORGANIC CARBON AS NPOC 24 MG/L 
ORGANIC CARBON AS NPOC 15 mg/L 
ORGANIC CARBON AS NPOC 5.5 mg/L 
ORGANIC CARBON AS NPOC 16 mg/L 
ORGANIC CARBON AS NPOC 7.4 MG/L 
ORGANIC CARBON AS NPOC 27 moll 
ORGANIC CARBON AS NPOC 3.6 mg/L 
ORGANIC CARBON AS NPOC 4 mg/L 

23 MG/L 

250 ug/L 
230 ug/L 
370 ug/L 

interval constructed using data from sidegradient w!MI MW-23 

SPOILSUM.wk3; date 27-0ct-94 

55 Spoils 
55 Spoils 
55 Spoils 

0.37 Spoils 
0.37 Spoils 
0.37 Spoils 
0.37 Spoils 
0.37 Spoils 
0.37 Spoils 
0.37 Spo;is 
0.37 Spoils 
0.37 Spoils 
0.37 Spoils 
0.37 Spoils 

7221 Spoils 
7221 Spoils 
7221 Spoils 
7221 Spoils 
7221 Spoils 
7221 Spoils 
7221 Spoils 
7221 Spoils 
7221 Spoils 
7221 Spoils 

84733 Spoils 
84733 Spoils 
84733 Spoils 
84733 Spoils 

2.1 Spoils 
2.1 Spoils 
2.1 Spoils 
2.1 Spoils 
2.1 Spoils 
2.1 Spoils 
2.1 Spo;is 
2.1 Spoils 
2.1 Spoils 
2.1 Spoils 
2.1 Spoils 
2.1 Spoilo 
2.1 Spoils 
2.1 Spo;is 
2.1 Spoilo 
2.1 Spoils 

122 Spoils 
122 Spoils 
122 Spoilo 



Table 7 

PROPOSED GROUNDWATER MONITORING PROGRAM 
SEBRING FACILITY 

AMERICAN STEEL FOUNDRIES 
ALLIANCE, OHIO 

I Monitoring Wells I 
Upgradient Downgradient 

MW-1A MW-4A 
MW-14 MW-13 
MW-19 MW-13P(2) 

MW-19P(1) MW-20 
MW-23 (sidegradient) MW-21 

MW-21P 
MW-22 

MW-22P 
MW-24(2} 
MW-25(2) 

MW-12P(2} 

I Parameters to be Analyzed I 
Semiannually Annually 

Specific Conductance(3} Chromium 
pH(3) lead 

Temperature (3) Mercury 
Iron Selenium 

Fluoride Silver 
Barium 

Manganese 
Arsenic 

Cadmium 
Coba~ 

Zinc 
Nickel 

(1) Well MW·19P will be purged several days prior to sampllng so that sufficient water Is available for sampling. 

(2) Proposed Monitoring Well 

{3) Specific conductance temperatures and pH will be measured In the field. Wa1er levels will also be measured at each well in the program O"l a semi-annual 
basis. 

2169.18:RTY:ASF0920.t 
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APPENDIX A 

BORING LOGS 



BO~GNO. __ ~~~-~~~P~--
SHEET NO. 1 OF 3 

ASF Sebring ~Installation PROffiCTN0. __ ~2~16~9~.1~7 __ _ 

LOCATION ____ ...!.Al~lian=ce"'-'O"'h:!!io,_ ___ _ INSTALLA.TION ----
SURFACE ELEV. CONTRACTOR ----~S~u~m~m~i~tDT~i~lli~n~g __ __ 

DRILLING METHOD HSA, Core, Trirone BOREHOLE Di.A. 4 IN. 

I- SS 19125/36 

2 ss 50/5 

3 ss 50/4 

4 RC 80 

5 RC 95 

6 RC 90 

7 65 
GENERAL NOTES 

DATE STARTED NOV 11 93 

DATE COMPLETED NOV 22 93 
RIG CM:E 75 

CREW CHIEF E. Pucci 
LOGGED R. Welch CHECKED 

VISUAL CLASSIFICATION 

AND GENERAL OBSERVATIONS 

SILTY SAND (SM), fine grained, 20% silt, yelloMsh 
brown, !OYR 516, very dense, moist, weathered sandstone 

S.A.A., but light yelloMsh brown, IOYR 6/4 

-srr::f (ML)~iiighij eompac~.-Ifgiit-ie11oWls'h 'brown~2.5y-
• 6/4, moist, very dense, weathered siltstone r 

~------------------------------~---J 
SANDSTONE, fine grained, light yello~sh brov.n, IOYR 
6/4, rqd=40%, moderately cemented, small amount of 
brownish yellow, !OYR 6/8, mottling 

-s-IifsrciNK ici~~tiS; li.gh! b-;.O";DJsiJ lia;;.-fo)'R -672:---
- moderately cemented, distinct, 1.2 mm bedding planes, 
large concentration of iron staining in vertical and horizontal 
fractures, ~0%, numerous bedding plan frac~-

-sHAi.~: ~e-ry mr~~~: da;k-g;;y-a'i',d' ~y.-f5YSNS- --
and 2.5Y5'N5', "zebra" striped, very thin (1-lOmrn), 
undillcting bedding planes, small amount of iron SlainiBi 
alongJloriumtal bedding plan fractures, relatively hard a'iid. 
massive, easily separated along bedding planes, rqd=25% 
Very soft 6" layer at 28'-28.5' 

S.A.A. 
Rqd=40% 

--

WATER LEVEL OBSERVATIONS 

WHILE DRILLING g _________ _ 
ATCOMPLETION ! __________ _ 
AFTER DRILLING 

CAVE-IN: DAT!lfTIME ----- DEM11 -------

WA TEll: DA TllfTIME DEPTII 



8 RC 

9 RC 

10 RC 

11 RC 

BO~NGNO. __ ~MW~·~1~9P~--
F-203 (R 01-137) SHEET NO. 2 OF 3 

PRIDJE~T NAME ASF Sebring MW Installation PROJECT NO. 2169.17 

LOCATION Alliance Ohio INSTALLATION----
SURFACEELEV. -----CONTRACTOR Summit Drilling 

DRII..UNG METHOD HSA, O>re, Tricone BOREHOLE D:iA. 4 IN. 

75 

85 

90 

90 

VISUAL CLASSIFICATION 
AND GENERAL OBSERVATIONS 

Shale, as above, some iron stilillng in horizontal fractures, 
extensive in vertical fractures, rqd= 10% 

Void from 47'-52' 

-sHAI.E: 5oft:" clay-like ~ere ~et-cbottOm 11: very-friable
when dry (top 1'), 2.5Y5N5/, gray, rqd=O% 

-s-HAi..K gny.-2~sv5N5t~ me&~ iU~Jn-ess: iri;bi;,-----
rqd=O%, moderately defined bedding, moist, very fractured 
horizontal and vertical 
sHALE; ir3y~ 2:-sY5N5( rne&Uin-!lari1Des5,-rqcf,;s-o%~--
moderately defined bedding 

S.A.A., but dark green, 2.5Y 4N4/ 

-S~A.A.,-!luisoftir-aiicf dark iriiiO verr-dirk groy------

Grades into coal 

85
--t::::::=:j -sHAI.'E: veri iklj ir3i. Y5Y3"N3T, medium hir'dne5s:---

somewhat massive, indistinct bedding, plant mate..-ial present 



.I •• · •. 

·"' 

12 RC 

13 RC 

BORING NO. MW-19P 

F·203 (R 0 Hl7) SHEET NO. 3 OF 3 

NAME ASF Sebrl!!J: MW Installation PROJECT NO. 2169.17 

LOCATION Alliance, Ohio INSTALLATION 

CONTRACTOR Summit Drilling SURFACE ELE_Y. 

DRJLUNG METHOD HSA, Core, Tricone BOREHOLE DIA. 4 IN. 

95 

85 

VISUAL CLASSIFICATION 

AND GENERAL OBSERVATIONS 

S.A.A., rqd=65% 

S.A.A., rqd=40% 

of boring 105 feet 



BORING NO. MW-20 
F-203 (R 01-87) SHEEI NO. 1 OF 1 

ASF Sebring MW Installation PROJECT NO. 2169.17 

LOCATION -------'All~ian~ce:,.~O~hi~·o!.__ __ _ INSTAlLATION ----
SURFACE ELEV. -----CONTRACTOR ____ £Smn~m~i~t~Dri~·~l~~----

DRll..LING METHOD 4 114" ID HSA BOREHOLE DlA. 10 IN. 

1 ss 7/8/8 12 

2 ss 10/12/12 12 

3 ss 7/9110 14 

4 ss -5/5/10 10 

5 ss 316n _ 12 

6 ss 4/6/3 10 

7 ss 5/3/4 12 

8 ss 15/13/14 12 

9 ss 10/15/19 14 15 
10 ss 10/15/19 13 

11 ss 15/13/13 12 

12 ss 12120/26 13 

13 ss 13/16/21 12 

14 ss 12117116 10 

15 ss 17110/10 11 

25 

GENERAL NOTES 

DATE STARTED NOV 8 93 

DATE COMPLETED NOV 8 93 

RIG CME75 

CREW CHIEF E. Pucci 

LOGGED R. Welch CHECKED REH 

VISUAL CLASSIFICATION 

AND GENERAL OBSERVATIONS 

LEAN CLAY (CL), black, 7.SYR, moist (qu=2.5), very 
stiff, slightly plastic, spoils 

-LE.ANcr:AY' (ct),-s-o%-silt, rid<i;'Sb-yeliow ind-gi"a-y;---
7.5YR 6/6, and 10YR 6/1, dry-moist (qu>4.5), hard, 
slightly plastic, spoils 

S.A.A., but noncohesive and dry 
. sHAiE; very-friibie,lightbroW:riish -gi"ay; fo'tiC672~ diy:--

powdered, spoils 

-sHAi.E: more -cCimpeleiii;" ilgh'i gray, 7~sYF.):fi7,-drY ----

S.A.A., wet 

S.A.A. 

End of feet 

WATER LEVEL OBSERVATIONS 

WHILE DRlLUNG g 32.0 
ATCOMPLETION ! _________ _ 
AFTER DRlLUNG 

CAVE-IN': DATBfl'lMB ----DEPTI! ------

WATa: DATBfl'lMB DEPn! 



BORING NO. ----'MW=.:.:'-'·2:..:1,___ 
F-203 (R 0, -87) SHEEI NO. 1 OF 1 

'ROJECT NAME ASF Sebring MW Installation PROffiCTN0. __ ~2~1~69~.1~7 __ __ 

LOCATION -----"Al,llim=' ""ce=--, ""O""'hi"'o ___ _ INSTAll.ATION ----

SURFACEELEV. ----CONTRACTOR ---~Su~m=m=·~,t~~~·~~~·~---

DRILLING :ME1ROD 4 114" ID HSA BOREHOLE DIA. IN. 

GENERAL NOTES 

DATESTARTED ---~N~O~V~U~93~----

DATE COMPLETED NOV U 93 

RIG CME75 

CREW CHIEF E. Pucci 

LOGGED R. Welch CHECKED 

VISUAL CLASSIFICATION 

AND GENERAL OBSERVATIONS 

No samples taken 
~boring Jog MW-21P for description of lithology 

WATER LEVEL OBSERVATIONS 

vnnLEDRlllJNG g _______________ ___ 

ATCOMPLETION ~---------------
AFTER DR.ll.LING 
CAVE-IN: DATil/TIMil ------ DEI'Tl! _____ __ 

WA TElt: DA Tll/TIMil DEI'Tll 



BORING NO. __ __,_MW"'-'-'--=·2:=:1P,____ 
F-203 1R 01-871 SHEEI NO. 1 OF 2 

PRI::>JE:CT NAME ASF Sebrlni MW Installation PROJECT NO. ---=2'"'16"'-9-'-".1"-7 __ 

INSTALLATION----

SURFACE ELEV. ----
LOCATION Alliance, Ohio 
CONTRACTO-R~----~~S~um~~~.t~Dri~.lli~.&-------

DRILllNG METHOD . 

2 ss 8/6/4 4 

3 ss 3/513 6 

4 ss 3/6/6n 8 

5 ss ·mt5t6 2 

6 ss 3/4/5/8. 12 

7 ss 7t8nno 10 

8 ss 3t5!8n 11 

9 ss mm8 10 

10 ss 7/8nt12 12 

11 ss 6/8/8/8 16 15 

12 ss 4/4/6n 8 

13 ss 1om8n 12 

14 ss 10 

15 ss 4t6n!8 10 

16 ss 3t6nn 10 

17 . ss 6nt8/3 12 

GENERAL NOTES 

DATE STARTED NOV 23 93 

DATE COMPLETED NOV 23 93 

RIG CME75 

CREW CHIEF E. Puccl 

4 114" ID HSA, Core BOREHOLE D!A. 10 IN. 

VISUAL CLASSIFICATION 

AND GENERAL OBSERVATIONS 

very stiff, plastic, mottling throughout, spoils 

S.A.A., but dark gray, 10YR 4/1 

WATER LEVEL OBSERVATIONS 

WH1LE DRILliNG ~~---------
ATCOMPLETION ~---------
AFTER J:)RILUNG 

CAVIl-IN: DATBmMI! ------ DEYll! ----------

LOGGED R. Welch CHECKED REH WAin: DATBmMI! DEYll! 



-- • 1 ' 

BORING NO. MW-21P 

F-203 (II 01-87) SHEET NO. 2 OF 2 

ASF Sebrinl! MW Installation PROJECT NO. 2169.17 

LOCATION Alliance, Ohio INSTALLATION 

CONTRACTOR Summit Drilling SURF ACE ELEV. 

DRIU.ING METHOD 4 114" ID HSA. Core BOREHOLE DIA. 10 lN. 

VISUAL CLASSIF1CATION 

AND GENERAL OBSERVATIONS 

Sandy seam at 37.5'-39.5' 

---------------~--E-----------------SHALE, gray, 7.5YR No/, son weathered, clay like 

-~: p-ay,/.SYlnm,-nara, !qa;.40%,-rus-:...na,-ug!i.t
to dark gray Iaminous bedding 

S.A.A. 

- . 

End of boring 65 feet 

--



BORING NO. MW-22 

F-203 lA 01-87) SHEET NO. 1 OF 1 

NAME ASF Seb~ MW Installation PROJECT NO. 2169.17 

LOCATION 
CONTRACTOR 

DRll..LING METHOD 

GEJ\'ERAL NOTES 

DATE STARTED NOV 1193 

DATE COMPLETED NOV 1193 

RJG CME75 

CREW CHIEF B. Krakow 

LOGGED R. Welch CHECKED 

Alliance, Ohio INSTAllATION 

Summit Drilli!!g SURFACE EI.EV. 

41!4" IDHSA BOREHOLE DIA. 10 IN. 

VISUAL CLASSIFICATION 

AND GENERAL OBSERVATIONS 

No samples taken 
See boring Jog MW-22P for description of lithology 

WATER LEVEL OBSERVATIONS 

WHll..EDRrLuNG ~----------
ATCOMPLETION ! __________________ __ 

AFTER J?Rlll..ING 
CAYIJ.IN: DATF.mMI! ----- DEl'Tll _____ _ 

WA TEll: DA TBfTDdB DEl'Tll 



1 ss 
2 ss 
3 ss 

BORING NO. MW·22P 
F-203 (R 01-!!7) SHEET NO. 1 OF 2 

NAME ASF Sebring MW Installation PROJECT NO. 2169.17 

LOCATION A!Iianre, Ohio INSTALLATION 

CONTRACTOR Summit Drill!J!g SURF ACE ELEV. 

DRILUNG METHOD 4 114" ID HSA, Core BOREHOLE D!A. 10 IN. 

N 

6n/4 12 

6/8/6 13 

3/3/5 13 

VISUAL CLASSIFICATION 

AND GENERAL OBSERVATIONS 

POORLY GRADED SAND (SP), ver:y dark gray, lOYR 
3/1, moist, medium dense, foundry sand 

S.A.A. 
4 ss 3/5/3 14 ~i.EAN CLAY (C"LY approXimately 16% Sift,-gray~ 1oi'R- --

5 ss 3/4/6 10 5/1, moist (qu=2.0), stiff, slightly plastic, spoils 

6 ss 8/3/4 11 S.A.A. 

7 ss 3/5/5 13 

8 ss 3/10/9 12 
-srr::t (ML)~ s-Io% m-edium coarse sana,-&ark-ia'Y~7.5Y:R-
N4/, wet, medium dense, spoils/foundry sand 

9 ss 4/8/15 12 

10 ss 4t8n 14 
S.A.A. 

11 ss 9/10/15 15 S.A.A. 

12 ss 7/12!18 12 

13 ss 4/12/13 15 -i.EAN cLAY (c:L),-4<)%-s1( slightly -pfastrc~ligbl1lrowniili-

14 ss 5/10/16 14 
gray, 10YR 612, wet (qu= 1), medium stiff to stiff, ver:y 

, angular rock (sandstone/siltstone) fragments' interspersed 

15 ss 10/18/18 15 'throughout, ver:y inconsistent color ,' 
~----------------------------------~ SHALE, wealhered, soft clay like, plastic, light gray, 10YR 

16 ss 12/11116 16 • 6/1 r 

~----------------------------------J 

17 ss 9 10 LEAN CLAY (CL), 30-40% silt, slightly plastic, dark 

11 
grayish brown, lOYR 412, wet (qu=S), soft, ver:y 

18 ss 50/3" 4 inconsistent color, siltstone fragments throughout 

19 ss 50/6" 2 
50/3' 

S.A.A. 

GENERAL NOTES WATER LEVEL OBSERVATIONS 

DATE STARTED NOV 9 93 WHll.E DRILllNG :£ U.S 

DATE COMPLETED NOV 9 93 ATCOMPLETION ! __________________ __ 
RIG CME75 AFTER J:?RILllNG 

CREW CHIEF E. Pucci CAVE-IN: DATE/l'IMI! -----DEI"l1l ------------

LOGGED R. Welch CHECKED REH WA TEll: DA TE/l1MI! DEM1l 

: 
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BORING NO. _ ___,MW=-'2-2""2P.___ 

SHEET NO. 2 OF 2 

PROlliCT NAME ASF Sebring MW Installation PROlliCTN0. __ ~2~16~9~.1~7 __ _ 

LOCATION -----"Al"!li!!'"an""ce>=.~.., .,O:!!hi,_,o ___ _ INSTALLATION-------

S~ACE~. ----CONTRACTOR ---~S~urrmrn~~·t~Dril~·li~·ng~----

DRII.l.lNG METHOD 

60 

95 

4 114" ID HSA, Core BOREHOLE DIA. 10 IN. 

VISUAL CLASSIFICATION 

AND GENERAL OBSERVATIONS 

S .A.A., but 2 • sand layer at top 

Auger refused at 50' 
50' change from HSA to rock coring 
SHAlE, bard, gray, 7.5YR N5/, massive, distinct bedding 

laminating, rqd=O% 

S.A.A. 

64' vertical fractures 

End of boring feet 



BORING NO. MW-23 

• > 
SHEET NO. 1 OF 1 

NAME ASF Sebri!Y: MW Installation PROJECT NO. 2169.17 

LOCATION 
CONTRACTOR 

DRlLLING METHOD 

2 ss 6nn 7 

3 ss 7/4/9 7 

4 ss 616n 9 

5 ss 9/8/8 8 

6 ss 8/9/8 10 

7 ss 6/9/9 12 

8 ss 10/8/8 14 

9 ss 9n/8 14 

10 ss 6n/9 12 

11 ss 1n11o 16 

12 ss 12110/9 12 

13 ss 11111111 8 

14 ss 13/11112 10 

15 ss 1214/8 12 

16 ss 7/9/12 12 

17 ss 1onn 14 

18 ss 7/9/11 12 

19- ss 8/6/10 14 

GENERAL NOTES 

DATE STARTED NOV22 93 

DATE CO~LETED NOV 23 93 

RJG CME75 
CREW CHIEF B. Krakow 

LOGGED CHECKED 

Alliance, Ohio 
Summit DrilliM: 

6114" IDHSA 

INST~TION 

SURFACE EI.EV. 

BOREHOLE DIA. 12 IN. 

VISUAL CLASSIFICATION 

AND GENERAL OBSERVATIONS 

-LEAN cf.AY. (cL),-foYR.-574: yenoWiShbroV:i, moist---
(qu=4.0-4.5), hard, plastic, some strong bro"''ll mottling 
with shale fragments throughout 

WATER LEVEL OBSERVATIONS 

vnnLEDRlllJNG g __________________ ___ 

ATCO~LEDON ~------------------
AFTER DRlllJNG 

CA \'!!.IN: DATEIJlMI! --------~ DI!I'Il! -----------

WA TElt DA !l'JTIMB DI!I'Il! 
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BORING NO. MW·l9 

SHEET NO. 1 OF 1 

~ROJECT NAME ASF Sebring MW lnsUill.ation PROJECT NO. 2169.17 

LOCATION ______ ..£.All"""'ian=ce:.,_,O"'-h"'io!.--____ _ lliSTAU.ATION ----

SURFACEELEV. ------
CONTRACTOR ------~S~u~mnu~·t~~~il~ling~------

DRlLLING METHOD 6 114" HSA, Tricone BOREHOLE DIA. rn. 

GENERAL NOTES 

DATE STARTED NOV 23 93 

DATE COMPLETED NOV 23 93 

RIG CME75 

CREW CHIEF B. Krakow 

LOGGED R. Welch CHECKED 

VISUAL CLASSIFICATION 

AND GENERAL OBSERVATIONS 

No samples taken 
See boring log MW-19P for description of lithology 

.• 

WATER LEVEL OBSERVATIONS 

WHUED~G g __________________ _ 

ATCOMPLETION ~------------------
AFfER !(RILLING 

CAVE-IN: DAnmMII ----- DE!'lli -------

WATEll: DA nmMll DEl'TII 



APPENDIX 8 

WELL CONSTRUCTION DETAILS 

2159.18:RTY:ASF0920 
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APPENDIX C 

TABLES SUMMARIZING MONITORING PROGRAM FROM GROUNDWATER ASSESSMENT PLAN 
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TABLE 3-1 

WATER OUAUTY PARAMETERS AND WASTE CONSTITUENT 

ANALYTICAL METHODS AND PRACTICAL OUANTITATION UMITS 

9040/9041 0.1 pH unit 

Alkalinity, 403 20 mg!L 

Carbonate/Bicarbonate 

Total Organic Carbon 9060 

Total Organic Halogen 9020 

Iron- ICP 6010 

Chloride 9250 

Fluoride EPA340.2 

-ICP 6010 

Nitrate, Nitrogen 9200 0.05 mg!L 

Phenols (colorimetric) 9066 0.01 mg!L 

Sodium -ICP 6010 0.50 mg!L 

Specific Conductance 9050 10 !'mhos/em 

Sulfate 9036 10 

Notes: 

Practical Ouantitation Umits are for RMT Laboratories. 

ICP - Inductively Coupled Plasma Emission Spectrophotometry. 

2169.02 OOOO:RTG:sebr1204.t 3-3 
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TABLE 3-2 

APPENDIX IX- VOLATILE ORGANIC COMPOUNDS 

AND PRACTICAL OUANTITATION UMITS (POL's) 
FOR METHOD 8240 

Compound )Lg/L 

Chloromethane 10 

Bromomethane 10 

Vinyl Chloride . .10 

Chloroethane 10 

Methylene Chloride 5 

Acetone 10 

Carbon Disulfide 5 

1,1-Dichloroethene 5 
-·--.--

1,1-Dichloroethane 5 

1,2-Dichloroethene (total) 5 

Chloroform 5 

1,2-Dichloroethane 5 

2-Butanone 10 

1,1,1-Trichloroethane 5 

Carbon Tetrachloride 5 

Vinyl Acetate 10 

Bromodichloromethane 5 

1,2-Dichloropropane 5 

cis-1,3-Dichloropropene 5 

Trichloroethane 5 

Dibromochloromethane 5 
.· 

1,1,2-Trichloroethane . 5 

Benzene . 5 

Trans-1,3-Dichloropropene . 5 . . 

Bromoform 5 .. 

4-Methyi-2-Pentanone 10 

2169.02 OOOO:RTG:sebr1204.t 3-4 
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TABLE 3-2 (CONTINUED) 

- ' ' - -

APPENDIX IX- VOLATILE ORGANIC COMPOUNDS 

AND PRACTICAL QUANTITATION UMrTS (POL's) 

FOR METHOD 8240 

- -· Compound .. ~giL 

2-Hexanone ··-. 10 
-

Tetrachloroethane - .. 5 ·-

1, 1,2,2-Tetrachloroethane . 5 

Toluene - - 5 

Chlorobenzene 
... 

. 5 

Ethylbenzene - 5 

Styrene - - . 5 

Xylenes, Total 5 

Dichlorodifluoromethane -- 5 

Trichlorofiuoromethane · 5 

Acrolein .. ·-·- - 100 

Acrylonitnle - .. .. 25 

lodomethane - 5 

3-Chloro-1-propene 5 -

Acetonitrile . 50 

2-Chloro-1,3-butadiene 5 

Propionitrile 100 

Methacrylonitrile 100 

lsobutanol 100 

Dibromomethane 5 

1,2-Dibromoethane 5 

1, 1,1,2-Tetrachloroethane 5 

1,4-Dichloro-2-butene 50 

1 ,2,3-Trichloropropane 5 

1 ,2-Dibromo-3-chloropropane 5 

2169.02 OOOO:RTG:sebr1204.t 3-5 



Revised Table 3-3<'1 

APPENDIX IX· METALS, METHODS OF ANALYSIS 

AND PRACTICAL QUANTITATION UMITS (PQL's) 

~ ~~-' 
Antimony 10 7041 

Arsenic(2) 3 7060 

Barium(2) 50 6010 

Cadmium(2) 0.3 7131 

2 7191 

Cob a~ 50 6010 

Copper 3 7211 

3 7421 

Mercury(2) 0.2 7470,7471 

40 6010 

Selenium(2) 3 7740 

Silver(2) 1 7761 

Tin 500 RMT Lab Internal 

Zinc(2) 20 6010 

Sulfide 1000 9030 

Notes: 

(1) Table originally presented in Groundwater Sampling and Analysis Plan (RMT, 1992). 

Revised based on First Quarter groundwater sampling resu~s. 

Compound or element is found in ASF wastestream. 

2169.17:MSZ:ASF0206 
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-- - _ '-''TABLE 3-3 

APPENDIX IX- METALS, METHODS OF ANALYSIS 
AND PRACTICAL OUANTITATION UMITS (POL's) 

Analyte POLin SW-846 Method 
~giL 

Antimony 10 7041 

Arsenic 3 7060 -

. 

Barium 50 6010 

Beryllium 5 6010 

Cadmium '" 0.3 7131 

Chromium (total) 2 7191 

Cobalt 50 6010 

Copper 3 7211 

Lead 3 7421 

Mercury 0.2 7470,7471 

Nickel - 40 6010 ' 

Selenium 3 n4o 
Silver .. -. 1 n51 

Thallium 3 7841 

Tin 200 RMT Lab Internal 

Vanadium 50 6010 

Zinc 20 6010 

Cyanide (totaQ 10 9012 

Sulfide (total) 1000 9030 

3-6 
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- TABLE 3-5 
.. -

COMPOUNDS FOUND IN ASF WASTESTREAM 
. . .. 

I Aisenic 
.. 

Lead 

-- Barium ' Manganese . 

d Cadmium Mercury 

Chloride Nickel 
-

I Chromium Phenol 

Fluoride Selenium 

H Iron Silver 

-Sulfate Zinc 

• 
I 

-- . 

• 
I 
I] 

• 
I 
8 
I 

I 

• 
I 

·. . - : . 
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APPENDIX D 

ANALYTICAL LABORATORY RESULTS 



Parameter Units 

ALKALINITY, CARBONATE MG/L 
ANTIMONY, DISSOLVED UG/L < 
ARSENIC, DISSOLVED UG/L 
BARIUM, DISSOLVED UG/L < 
CADMIUM, DISSOLVED UG/L < 
CHLORIDE MG/L 
CHLOROFORM UG/L < 
CHROMIUM, DISSOLVED UG/L < 
COBALT, DISSOLVED UG/L < 
COPPER, DISSOLVED UG/L < 
FLUORIDE MG/L 
IRON, DISSOLVED UG/L 
LEAD, DISSOLVED UG/L < 
MANGANESE, DISSOLVED UG/L 
MERCURY, DISSOLVED UG/L < 
NICKEL, DISSOLVED UG/L < 
NITROGEN, NITRATE MG/L < 
PHENOLICS, TOTAL RECOVERABLE MG/L < 
SELENIUM, DISSOLVED UG/L < 
SILVER, DISSOLVED UG/L < 
SODIUM, DISSOLVED UG/L 
SULFATE MG/L 
SULFIDE MG/L 
TIN, DISSOLVED UG/L < 
TOTAL ORGANIC CARBON AS NPOC MG/L 
TOTAL ORGANIC HALIDES UG/L 

I ZINC. "'"""LVED I UG/L < 

4THOTR.wk3; date 26-0ct-94 

ANALYTICAL LABOI .iRY RESULTS 
SEBRING FACILITY 

AMERICAN STEEL FOUNDRIES 

MW-20 (DUPI FIELD BLANK MW-01A 
14-Sep-94 14-Sep-94 14-Sep-94 

290 < 20 < 20 
10 < 10 < 10 < 

3.8 < 3 < 3 < 
50 < 50 < 50 < 

0.3 < 0.3 1.6 < 
25 < 2 270 
10 < 10 < 10 < 

2 < 2 2.5 < 
50 < 50 < 50 < 

3 < 3 34 
0.46 < 0.1 0.92 

18000 < 100 34000 < 
3 < 3 < 3 

7700 < 5 2700 < 
0.2 < 0.2 < 0.2 < 
40 < 40 86 < 

0.05 < 0.05 < 0.25 < 
O.Dl < 0.01 < 0.01 < 

6 < 6 < 6 < 
1 < 1 < 1 

110000 < 500 120000 
750 < 10 570 < 
1.2 < 1 < 1 < 

500 < 500 < 500 
13 < 0.25 17 < 

6.8 < 5 17 
20 < 20 150 

MW-04A MW-13 MW-14 
14-~ep-94 14-Sep-94 14-Sep-94 

420 < 20 200 
10 < 10 < 10 

3 < 3 < 3 
50 < 50 < 50 

0.3 0.96 < 0.3 
11 78 26 

2 < 10 < 10 
50 < 2 < 2 

3 110 < 50 
0.24 < 3 < 3 
4900 0.88 0.34 

3 30000 1900 
4000 < 3 < 3 

0.2 12000 600 
40 < 0.2 < 0.2 

0.05 160 < 40 
0.01 < 0.05 0.052 

6 < 0.01 0.02 
1 < 6 < 6 

32000 < 1 < 1 
980 42000 38000 

1 930 1200 
500 < 1 < 1 

18 < 500 < 500 
5 ' 24 9.3 

24 14 62 
24(L < __llL! 



Parameters Units 

ALKALINITY, CARBONATE MG/L < 
ANTIMONY, DISSOLVED UG/L < 
ARSENIC, DISSOLVED UG/L < 
BARIUM, DISSOLVED UG/L < 
CADMIUM, DISSOLVED UG/L 
CHLORIDE MG/L 
CHLOROFORM UG/L 
CHROMIUM, DISSOLVED UG/L < 
COBALT, DISSOLVED UG/L < 
COPPER, DISSOLVED UG/L 
FLUORIDE MG/L < 
IRON, DISSOLVED UG/L < 
LEAD, DISSOLVED UG/L < 
MANGANESE, DISSOLVED UG/L 
MERCURY, DISSOLVED UG/L < 
NICKEL, DISSOLVED UG/L < 
NITROGEN, NITRATE MG/L 
PHENOLICS, TOTAL RECOVERABLE MG/L 
SELENIUM, DISSOLVED UG/L < 
SILVER, DISSOLVED UG/l < 
SODIUM, DISSOLVED UG/L 
SULFATE MG/L 
SULFIDE MG/L 
TIN, DISSOLVED UG/L < 
TOTAL ORGANIC CARBON AS NPOC MG/L 
TOTAL ORGANIC HALIDES UG/L < 
ZINC. DISSOLVED UG/L 

4THOTR.wk3; date 26-0ct-94 

ANALYTlCAL LABlmATORY RESULTS 
SEBRING FACILITY 

AMERICAN STEEL FOUNDRIES 

MW-19 MW-19P MW-20 
14-Sep-94 14-Sep-94 14-Sep-94 

20 290 
10 < 10 

3 < 3 
50 < 50 

0.66 0.98 
4.8 20 
0.4 < 10 

2 < 2 
50 < 50 

< 

< 

< 
< 
< 

7.7 < 3 < 
0.1 0.47 
100 19000 

3 < 3 < 
510 8300 
0.2 < 0.2 < 
40 < 40 < 
1.2 < 0.05 < 

0.011 0.011 < 
6 < 6 < 
1 < 1 < 

5800 110000 
42 750 
1.3 < 1 

500 < 500 < 
26 7.8 

5 5.8 
45 21 

MW-21 MW-21P MW-22 
14-,Sep-94 14-Sep-94 14-Sep-94 

350 380 < 140 
10 < 10 10 

7.8 < 3 < 3 
50 140 < 50 

0.35 < 0.3 < 0.3 
60 160 < 33 
10 < 10 10 

2 < 2 < 2 
50 < 50 < 50 

3 5.6 < 3 
0.66 2.9 < 0.6 

35000 2300 17000 
3 < 3 3 

10000 69 < 5500 
0.2 < 0.2 0.2 
40 < 40 < 40 

0.05 0.55 < 0.05 
0.01 0.015 < 0.012 

6 < 6 6 
1 < 1 < 1 

120000 340000 < 41000 
1200 470 400 

4 1.3 1 
500 < 500 < 500 
7.4 ' 43 < 23 
13 59 17 
22 < 20 . 21 



ANALYTICAL LABORATORY RESULTS 
SEBRING FACILITY 

AMERICAN STEEL FOUNDRIES 

MW-22P 

Parameters Units 14-Sep-94 

ALKALINITY, CARBONATE MG/L 770 

ANTIMONY, DISSOLVED UG/L < 10 
ARSENIC, DISSOLVED UG/L < 3 
BARIUM, DISSOLVED UG/L 140 

CADMIUM, DISSOLVED UG/L < 0.3 

CHLORIDE MG/L 63 

CHLOROFORM UG/L < 10 
CHROMIUM, DISSOLVED UG/L < 2 
COBALT, DISSOLVED UG/L < 50 

COPPER, DISSOLVED UG/L < 3 
FLUORIDE MG/L 9.5 

IRON, DISSOLVED UG/L 190 
LEAD, DISSOLVED UG/L < 6 
MANGANESE, DISSOLVED UG/L 22 

MERCURY, DISSOLVED UG/L < 0.2 
NICKEL, DISSOLVED UG/L < 40 
NITROGEN, NITRATE MG/L < 0.05 
PHENOLICS, TOTAL RECOVERABLE MG/L < 0.01 
SELENIUM, DISSOLVED UG/L < 6 

SILVER, DISSOLVED UG/L < 1 
SODIUM, DISSOLVED UG/L 500000 
SULFATE MG/L 300 

< 
< 
< 
< 

< 
< 
< 
< 

< 

< 
< 
< 
< 
< 
< 

SULFIDE MG/L < 1 < 
TIN, DISSOLVED UG/L < 500 < 
TOTAL ORGANIC CARBON AS NPOC MG/L 26 
TOTAL ORGANIC HALIDES UG/L 7.4 

IZlliC, DfSSOtVFn UG/L 35 

4THOTR.wk3; date 26-0ct-94 

MW-2~~ 
14-Sep-94, •. 

' 

34 
10 

3 
50 

0.3 
240 

10 
2 

50 
3 

0.11 
30000 

3 
3700 

0.2 
40 

0.05 
0,01 

6 
1 

8800 
170 

1 
500 
1.2 
11 
59 



APPENDIX E 

STATISTICAL ANALYSIS METHODS AND RESULTS 
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_For_data sets.w1th more than 30 observations, the parametric analysis of .. / variance· performed on the rank values is· a good approximation to .the· Kruslcalilallfs: test (Quade, ·1966). If, th~ ·user .has access to SAS, the PROC RAHK proc.edure·1s used to obtain the·ranlcs of the data •. The analysis of variance procedure deta11ed in Section 5.2.1: 1s then performed on the ranks. Contrasts 

' 

are tested as in the parametric analysis of variance. · 

IHTERPRETATIOH 

'· ·The i:i-uskal~\lallis test'-statistic is co111pared to the tabulated crjtical value from the :chi-squared distribution.· If the test ·statistic does ·not exceed the ~abulated_value, there ts no statistically significant evidence of contamination and the _analysis· would stop and report th1s firiding;· If the test statistic exceeds the tabulated _value, there is significant e·vidence that the hypothesis of no differences in compl1 ance concentrat tons fro111 the badground lev·el is not true. ·Consequently, if the test statistic exceeds the critical value, one concludes that there is significant evidence of cont~inatton. One then proceeds to investigate ·..-here the differences lfe,.that is, which'wells are indicating contamination. ' · ·. ·-_. . · · -_ - - - ~ . 

: The' multiple comparfs~~s- p~ocedure described in steps 5 and 6 compares each compliance well-to the background well. This-determines which compliance wells'.show statistically significant evidence of contamination ·at an experimentwi se error· ·rate of . 5 percent •.. In man)' ·cases; inspection· of the mean ·or median concentrations will be sufficient to indicate where the problem-lies: 

..... -,~-.--:' i' 

r --...--.-~ __ ; __ .,._ ,·.;r:,..-·-.""'~!- .... -:---·--- o.-~ .-- ,. .... _ . .,\:; ...... ·-·---"":. .. "' 

I~ -~~~~~!~l!fs.~.~IE~~~~··s~;Q,.~~~~T!!! __ ~.o.~~~~l~~J~~J!.O.~; _ :. _ , _ 
An alternate· approach to·analysis of. variance· to determine whether there is statistically significant ·evidence of' contamination-is' to .use tolerance i nterva 1 s. A to 1 erance . i nterva 1 is constructed from the ·data: ori (uncontaminatedl background wells. ·The concentrations fr0111 compliance wells are then compared with the tolerance interval; With the exception of pH, if the co!llplh.nce concentrations do not fall in the tolerance interval, this provides 

I 
I statistically significant evidence of contamination. · 

· iToJ,eranc~# nte!J.ilffai:!-Jlll~mpp'r;ii[r.!~~ej'i~~!e'Xa't'm~1JJ..t)~!~.iiatiEjJ ~eJ. fbit~ i g ~gr.td'f.o,f ~paJ.,i,.a.l,.~~ !r l! t i OQ.lbe~~~ag_g_tO,!Jjl,!t_'t!lll~lF.l~ ~gnce,t!i))s,:;:e;,J.a_c;jll!L~s-nt~l...~Y.~lf~~-~!'l;!~,~··;E_o~.g~n,~o.~~.J~ep}ogt~ ,~po_lltSf{for..;e~Pl!>:O.tll!.c!,'ih.$!10~~n~~-;;J~fllSS);1!l~l...~!~~~a~\So..nilt;n~tulj J.'"r:a llj :di splaYkdrog~~ica l~varJ ations.may_.:!?_e.2u1.ta.b 1 e_for..i._tii1 s"stat ~sHea ~!Aq-":i!L~aly~i_st · · 

A tolerance ·interval establishes. a concentration. range tl\at is con_stfiJcted to _contain. a' specified proportion {P%) of .the population with· a spec1fied. ·confidence· coefficient, . Y •. · The proportion of. the ·population i,ncl_uded, P, 1s referred to as the coverage. The probability .with which the tolerance interval includes .the proportion P% of the population is referred to 'as, the toler~ce coefficient. · · ,. ':. · . · .. ·, .. ~-- ·_· _ .. · . ·:-
.\ ___ A_coverage of_ 9.5% fsjeco~nded •. ,If t,his Js used, randOll _observ~tions 'f_rixJ'the same_d1Str1but1on:as the .background well .data WOUld .exceed the ~p~~l'_' ·:•:'> "!> .. ...;·_ ~·, .... f_.l•.•.:o·····. ·~ t,, .•... ·'·' "+•' .. , -· ........ . 

·hJ~E->·--
:.:~' •. ::.:-::;;::;:.;.. .. :: 



. \~--::-' _:.; ~-:.-- '-'::··--:--.~ ... 

- . - ,._ --·. -~.' ---- t~ ______ ,.. • ..;_ ..... --~-- .:..-·--- .~~ .. ,.,L-,_ ,--, .. ---: 

toler·ance:'_l.imit· J~ss _than 5~ ot_the time.;· S_lmi_larly, a tol_erance _coefficien.t 

of 95% is recoiTIIlended.> This means_ that. one has a confidence:.level:·of 95%; that 

th(upper95% to1erance)imit'w111~conhin at:least;95% of_ the.'distribution of 

ob.serva_tlons. from· background _well data~ These: values ·were. chosen to be. con

sistent· with. the performance standards· described. in: Section 2. ·The use· of 

these values corresponds. to the selection· of ·co of ss:·1n· the multiple· ..:ell 

-.·.·:: •. 
' 

testing situation. -"~ ..... 
. ;. . . ·. 

The procedure can be applied with. as few. as three observations from the 

background d i stri_bu~Jo.n. ""_HO'Iierer , __ qo.l_ng,T sq. :'(p_u),d.- re.s,u.l_~;-,1 ry,. a., 1~rg:~- }/Pp~er .- _ 

-~.01 er_ar.c.e,.]1m1 t. A~~-1-~~ ~ci ~'L9C~~gD~r ~tr ri?Of~t;d:es.~l ~s,_ ~ a~11-adequa_tec _to] e.r~ 

~fe::_r'l;~,rv_af:.~.- The;.~-~ ~fll:,(~~ s~li,ng,_ ~~.h.~dV e;;._c_a).l_~d, for.;..iJ:I~.thtf. r_egu rat i.~ns. 
would· result:1n at~ least. fOIJr. observations_from each background wen. Only if • 

a~ "siriglf background 'l.el i "is 's~led at ''a single point. in time is the sample 

size so small as to make use of the procedure questionable. · 

- ' 

I 
I 

• 
I 

Tolerance intervals can be constructed assuming that. the data or the I 
transformed data are normally distributed. Tolennce intervals can also be 

constructed assuming other distributions. It is also possible to construct 

nonparametric "tolennce intervals using only the assumption that the data came ~--

from ... some ·c-ontinuous· population. . _However, the. nonparametric to.lerance 

intervals require such a large number of observations to prov1de a rHsonable 

~~;~~~i~i~~~:d. to_leranc~ i:o~:ffi~i~nt ~~hat . they __ a~e :~~~~~tical ~~. :th.is ~ 
_;--: •. -.-· •. -;;._.: •.. -·~---· •. -.l.. 

'(he range of the concentration_._data in the b~cxground. '!'ell samples _should. ,r;;:; -
be considered in determining whe~her the tolerance interval' approach should be ,:: .. ;9. 
used, and if so, what·. distribution is appropriate. __ The background well con- --

centration 'data 'should, ·!le 0
• inspected for: outliers- and~-- tests of.' normality 

applied before_ selecting the' toleran-ce interval_. a~proachr .Tests of normal lty im_ 
were presented' in Section 4.2~ Hote that in this case;. the test of normality E,'J 

would· be _applied to the background ~ell' data that_ are._used. to constn;ct the 

tolerance ·i~terva1., .. · T,hes,e_ •. d~ta .• :_should:, all_., b~ ~ f[o~ ;-,t~he. _same·; _no:ma 1 • 

distribution. ._ ..... , .. , ... .. . .. , . . 
- - . '. . . - ' 

PURPOSE . .. 
- , __ _ :;_ ·, ~---~- -· ...... ~- "'··:--··· . . ·~---··---~ .- .. - .... ~ ._,., .. - -~- :. 

- The purpose~ of the tolerance. interval" approach 1s .to define a. concentra-

tion ran.ge frora background. well data,·within·_which·a laJ"9e'proport1on of:, the 

mon1to-.:-ing_observations should fall with high. probability~.-~ Once this ls done, 

data' (roll_compliance wells· can be checked . . for ev~dence ·of.,contam1nation· by 

simply determining whether they. fall 1n the tolerance interval.~~·. If they do 

not, _this is ev1den~e of contamination. · -.--· ·· ·· · · · · 
:-~- ~ ;_-.~;._ ~~.: ·-; ~- y,:-~; -~,. ~-• .:: __ · :.-_ .• :. 

·In-thi-s ·case' 'the dati"ar~·as~Jmed to.be.approx1mately_ norma11y distrib.;. 

uted~ · Sectfon 4.2. provided methods to clieclc'_ for:no·rmality~' If the data· are 

:-r ~ 
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not normal, take the natural logarithm .of the data and see if.the transformed data are approximately normal. -'If so; this method 'can be' us'ed ·on the _loga-
rithms of the data. Othen<lse,·· seek- the-" assistance- of a ·.professional statistician.-···-·-·. ·-- ------- -- -, -·- .. ---- -~ -... --·- -- · 

PROCEDURE 
.. · , : - . ~~·-;. ·- - . . . 

Step 1. Calculate the_mean; X, and the standard--deviation,.$, from the 
background well data. 

·Step 2._ 

-
. Constrvct the one-.sided upper tolerance limit as 

.> ·._.:. ( .. 
TL • X+ K S, 

where K is the one~s·l·d~:d;normal "tolerance factor -found in Table 5, Appendix 8. 

Step 3.··::-Comp;r~ "e~cli obse;vatio~·from 'co·m~liance wells :to -the tolerance 
limit found in· Step 2. •_If any-observation exceeds the toleiance ·limit, that 
is statistically significant evidence that the well is contaminated. Note 
that if the tolerance interval was constructed on the logarithms of the orig
inal background observations, the logarithms of_ the compliance well observa
tions should be· compared to 'the tolerance limit. Alternatively the tolerance 
limit may be transferred to the original data scale by taking the anti-logarithm. · · · 

REFEREHCE '. . . . . 
Lieberman,· Gerald J. 1958. · •Tables for One--sided Statistical· To}erance . . . .. . - " Limits.• _Indwtria! Quality Control. Vol. XIV, Ho~ ·.10.· · .. , · .. · :...-. ··:···:·---- -~...:. .... __ ._ .. - •, · ... 

. --· .. EXA.'WLE 

Table 5-5 contains example data that represent .lead concentration levels 
in parts· per ·million in loiater samples at a hypothetical facility. The 
background well data are ·in columns 1 and 2, ·while the other four columns represent compliance well data. · -· · - .. 

Step 1. The mean and standard deviation of the n • 8 observations have 
been calculated for the background well. The _mean 1s 51.4 and the ~tandard deviation is 16.3. · ,·- ,J_ ·• • ' .--~,- • ~·,.;::.·,r·;. •• -~ 

· Step 2.- Tl'le tolerance· factor- for a one-sfd~d normal toierance interval 
is found froill. Table s. ·Appendix. B as 3.188. _This is for 95~ c~verage with 
probability 95~ and for-n • 8. · The upper tolerance Jir;it"is then calculated as 51.4 .+· (3.188)(16.3) :. 103.4. ·:. _ · ,' _ - - - ·. ·. - - ._-
• 0 L • 0 : - 0 ' "': ,. ': ' ~ 'o 0 • ~ - -- -: : 0 

Step 3.~' The' tolerance-. fiiuit of lOL3.1s compared with',the" co.millla~ce 
.,ell data. 'Any value"that exceeds the _toleranceJimit indicates statistically s 1 gnlfi cant·. evidence .. of contami riat1on. :· Two 'observations frolil. We 11. l, tw-o 
observai: i ens· fr611 ·wen· 3,- 11:nd a 11 ·four· :,;b-ser-Yations·- fro11 Well . 4 . exceed the 
tolerance .liruit.:.::Thus there 1$ stat1si:ica11y' sign1ficant' evidence·.o.~-~on:. 
t~lriatjon-it)lells' 1~.-J,'W ~~.-:· .. : .. '· . .- '.' ~·.:: ._;. ·· · ·;_-,·~,;-~c'::~-j=--: =-~-' ... "'-~ _:. ::" ! ·: ,- .S.J: .• :: : ... ~- .... - .... -... ::. ·• . :• -.... ~ .. • ....... 
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be appropriate ~o~nen_ the_numbe.~ C)( det~cted. compounds. is qui·~ small_ relative 
to: the:_number":of'_'.compoJ.1ryd~:. a_nalyzed~for :._as,.,m1ght_._occ.~ :Jn:. detection 

, monitoring •... ·,. · -: :··· :: .• -..• · · ·-.. ·· , .·., . · · _ 
·,PU~~~. -~_,- .. , -.'.- -,---~, . ::.~·~:-: ~-~- :. ·.·- ·._- .. , ·-,·. · .• ·_; -""·":'t 

-. . ·:·-t 

The t'est:.of· pro~ort;ons· determi-nes· whether. the ·proport·i~n o(~ompounds 
detected in the compliance ~o~ell data differs significantly from the proportion 
of compounds detected in the background ~o~ell data. If there is a significant 
difference, t~ls 1~ statistically significant evidence of contamination • 

. ... -..~. -~ 
PROC£DURE:• 
..._t:L.r.:t~ . 

The procedure uses the normal distribution approximation to the binomial 
d!stributJon•· · This assumes that the sample size is reasonably large.· Gener..: 
ally, 1f the proportion of detected values Is denoted by P, and the sample 
size Is n, then the nornal approximation .is adequate, provided that n? and 
n(1-P)' both are greater than or equal to s. . .... 

. . . .. . 

Step 1. Determine X, the number of background "'ell samples in wni.cn the 
compound ~o~as detected. let n be the total number_ of background "'ell samples 
an~ lyzed ._ - Compute the proportion of detects: ~ -'--,-- ... · 

. - .... - ~ ... :: . . . . . :·· . 

-· -:_:····_pu;.x/n•·- •: - . -
• • • .. • ~ -:- . . ~ • •. .... . . - ! • • - - . ~ - - -

Step 2. Determine Y; the numtier··of compliance welt samples in which the 
compound was detected. let lot be the total·number. of compliance "'ell- samples 
analyzed. Com:pute the proport-ion' of detects: · . - · ; ": 

. . ~ . :; - - -· -- . -

. - -.. ~.: ~,Pd_~··y/ra ..... 
·- _. _ .... _-

Step 3. Compute the standard error of the difference in proportions: 

s 0 • (I (x+y)/(~) )[ 1 - (x+y)/(n+m) )[ l/n + i/mJ} l/2 
.. . ,.. . ".; . :- . ,._·- .. • .. ~ 

'and. fern the statistic: :·:-_:·:·=~·~·.-···::- -·.·-:·· .... 
---~~~]:· -;-

' . ::.-·-- ::: .. .;;~-: -~-: -::- . · ... • 1 . . . . .,. . - ~ ~ ,• . 7 • _. .• ~ -- ~ .. ~ •. -·. - .· :: - •·- _._ ~- : . : 

-· . . ·- -: . . . . .. - ... . -:· . ..- ~.. -: · .. 
· :• -· ' · · · ·' -' - · Z • (P ~ P )/S ... . .•. -,.._ •;· --.. u .. d 0::- ,. . ... 

_;. stip-':4~~-: .C~ate the. ~s~~l~te ·.,;~{Je of z- to 'th.e 97.5t{ percenh1~~ from._. 
the standard nonnal~ distribution,_ 1.96. If: the: absolut~·value of Z- exceeds 
1.96~ this: provides 'statistically_ significant evidence' at the 5~ signlf.lcance 
level· that _the: proportion of i:om:plfance wen· samples i.h'ere the: compound was 
detected' eiceeds. the propOrtion_ of_ background' we_n- samples- .;..here. the compound 
~o~as· detected. · Thfs· would be 1nterpreted-as'evidence of. contam_inat1on., (The 
two-sided test 1s used to provide information· about differences in either 
direction.)_ _ ., 

.: • 'T .- _. ··-. - ';: ·: ••.• : ·._ p. :·.. . ;. 

~'~~'·;~;-·_.::r;>:·~·- .. _ :- --~ - . ·:·~- . '\:'· .. ::~/~-: 'J 
·" Table· 8-Z contains data on cac!miura concentrations measured,1n background· 

well and. ccimpli_ance: i.ells·. at. a facility. In the table, "BOL""fs used for. 
be law' deteetion·lirait:' ·'" , - · - ·.. · · .. ·· · 
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TABLE 8-2. EXAMPLE DATA FOR_A TEST OF PROPORTIONS ·~ ... . . 
. -· . ' . . 

Cadmium concentration (~g/L) . Cadmium concentration (~g/L) 
at background well at compliance wells 

. (24 samples) . (64 samples)~ 

0.1 BDL 0.12 SOL . 0.024 
0.12 SOL 0.08 SOL SOL 
BOL*. SOL BOL ·· BOL BOL ·. 
0.26 SOL 0.2 0.11 BOL 

. BOL BOL 0.06 BOL 
0.1 0.1 BOL BOL 
BOL BOL 0.23 0.1. 

'. 0.014 0.012 BOL 0.04 
BOL BOL 0.11 BOL 
BOL BOL BOL BOL 
BOL SOL 0.031 0.1 
SOL SOL BOL SOL 
BOL BOL' · SOL 0.01 
0.12 0.12 BOL BOL 
SOL 0.07 BOL" BOL 
0.21 BOL BOL BOL 
SOL 0.19 0.12 BOL .. 
0.12 SOL 0.08 BOL 
SOL 0.1 BOL 
SOL· BOL 0.26 . 

0.01 SOL 
BOL 0.02 

. BOL SOL 

" BOL means below detection 11m1t. 

' € . .. 

'· 

.. 
: 

s-.s = 

.• 



. Step 1. Estimate' tlie .p.roport1on·· above: detection in. the background 
wells.· As shown in Table. 8-Z!.._there wer:e: 24_·_~amples fro111: background ..,ells 
analyzed for cad111iu111;· so n• 24. Of these, 15 ..,ere below detection and x • 8 
..,ere above detection, so Pu.• 8/24."!.0.333. · · 

. - . - . ·.,. . . . ~ . 

· Sti!J) 2. · Estimate· the· proportion above detection iri the compliance 
wells •. There were 64 samples fro111 compliance wells analyzed for.cadmlum, with 
40 below detection and 24 detected values. This gives m • 54, y • 24, so Pd • 
24/64. 0.375.. . -

Step 3. '·Calculate the standard error of the difference ln proportions. 

s0 • .£!(8+24)/(24+S4)l!l-(8+Z4)/(24+64)l(1/24 +1/64)}1/Z. o.11s 

Step 4. 
distribution. 

Fern the statistic Z and compare it to the normal 

z • 0.375 - 0.333 • 0 37 
0.115 . 

which is less in absolute value than the value from the normal distribution, 
1.96. Consequently, there is· no statistically s1gnif1cant evidence that the. 
proportion of samples with cadmiu11 levels above the detection lim1t differs in>· 
the background well and complh.nce well samples. 

IMTERPRETATIOH 

Since the proportion-of water samples with detected amounts of cadmium in 
the compliance wells was not significantly different from that in the 
background wells, the data are interpreted to provide no evidence of contam
ination. Had the proportion of samples with detectable levels of cadmiu111 in 
the compliance wells been significantly higher than that in the background 
wells this would have been evidence of contamination. Had the. proportion been 
significantly higher· in the background wells, additional study 'o<OUld have been 
required. This could indicate that conta~~~ination was migrating fro111 ·an off
site source, or it could mean that the hydrau11c'grad1ent had been incorrectly 
estimated or had changed and that contamination was occurring from the facil
ity, but the ground-water flow was not 1n the direction originally estimated. 
Mounding of contaminants in the ground water near the background ..,ells could 
also be a possible explanation of this observance. 

'8"'t'~J...,.c" n" • , .... ., -11· L. • ;.; it o en. s~ ne thoafJ 
. ------ . .._ 

If a confidence interval or a tolerance interval based upon the normal 
distribution is tie1ng constructed, a technique presented by Cohen {1959) 
specifies a method to adjust the sample mean and sample standard devht1on to 
account for data below the detection ·!mit. The only requirements for the use 
of this technique 1s that the data are normally distributed and that the 
detection limit be always the same. This technique is demonstrated below. 

\ 

' .. ti, .. 
:·r,. 

:~)I 

I 
I 
I 
II 
I 

• 
a 

~®'I ·=·~y 

• 
I 
I 
g 

I 
ll 

• 
I 



2169.1a:RTY:ASF0920 

Table E-1 

Calculation of Tolerance Intervals 

For Upgradlent Shale Wells 



TABLE E1 
CALCULATlON OF TOLERANCE tNTERVALS FOR lJPGRADIEHT SHALE WB..LS 

AMERICAN STEEL FOUNDRIES 
SEBRING FACIUTY 

DATA FROM FIRST FOUR QUARTERS 

WoiNo. Doto -- - -Unib ............ Numbw of NumMr of Pwoenteue of .. ........ T-V.au. .._ .. ,.. ._ .. ,.. - -- Dot- -- - """""""' c.ntldonoo ~ ..... ..... 
MW01A 17-o.c-93 ALJC.AUNITY, BICARBONATE < 20 moll '· 
MW01A 16-Mar-94 ALKAUNITY, BICARBONATE < 20 moll 
MW01A 1 5-Jun-94 ALKAUNITY, BICARBONATE < 20 moll 
MW14 14-0.0.93 ALKAUNITY, BICARBONATE 210 moll 
MW14 16-M«-94 ALKAUNITY, BICARBONATE 200 moll 
MW14 17-Jun.94 ALJC.AUNITY, BICARBONATE 200 mg/L 
MW19 14-0.0..93 ALKAUNITY, &I CARBONATE < 20 moll 
MW10 1 &-M«·84 Al.KAUNITY, BICAABONA TE < 20 moll 
MW10 1 &-Jun-94 AlKAUNITY, &I CARBONATE < 20 moll 
MW19P 14-0.0.93 ALKAUNJTY, BICARBONATE 630 moll 
M-N'19P 15-Mar-94 ALKAUNITY, BICARBONATE < moll 
MN19P 17-Jun-9<\ ALJC.AUMTY, BICAABONA TE < 20 mgll 

11 8 3 73% 
t.m01A 17-0~83 AL.KAUNITY, CARBONATE < 20 moll 
MN01A 1 6-Mar-84 ALKAUNITY, CARBONATE < 20 moll 
MW01A 1 5-Jun.84 Al.XAUMTY, CARBONATE < 20 moll 
MW01A 14-Stop-84 AUCAUNITY, CARBONATE < 20 MG/l 
MW14 14-0.0.83 AL.XAUNITY, CARBONATE < 20 mg/L 
MW14 15-Mw-84 ALKAUNITY, CARBONATE < 20 moll 
MW14 17-Jun-M Al.KAUNITY, CARBONATE < 20 mg/L 
t.HI14 14-&.p-84 Al.XAL.HTY, CAPBONA. TE 200 MG/l 
t.HI10 14-0.0..13 Al.XAUNITY, CARBONATE < 20 mg/L 
MW10 1 5-Mw·M Al.XAUNITY, CARBONATE < 20 mg/L 
t.HI10 18-Jun-84 AUCALHTY, CAFWIONA TE < 20 mg/L 
t.HI10 1 4-a.p.M ALKAUNITY, CARBONATE < 20 MG/l 
MW10P 17-0.0.13 AUCAUNJTY, CARBONATE «moll 
MW19P 15-Mw-M Al.KAUNfTY, CAABONA TE < moll 
MW19P 17..Jun-14 ALKAUNITY, CAP80NA TE < 20 mg/L ,. 13 1 03% 
MN01A 17-0ec-13 ANTIMONY, DISSOLVED < 10 ug/l 
MN01A 115-Mar-84 ANTIMONY, DISSOlVED < 10 ug/L 
MWOtA 18-Jun-84 ANT~Y. DISSOLVED < 10 ug/L 
MNOtA 14-s.p-84 ANTtMONY, DISSOLVED < 10 UG!l. 
MW14 14-0.0.13 ANTIMONY, DISSOLVED < 10 ug/L 
MW14 115-Mw·M ANTIMONY, DISSOlVED < 10 ug/L 
MW14 1 7..Jun-94 ANTIMONY, DISSOLVED < 10 ug/L 
MW14 14-s.p-94 ANTIMONY, DISSOLVED < 10 UGIL 
MW10 14-Deo-83 ANTIMONY, DISSOLVED < 10 ug/L 
MW19 1 &-M«-94 ANTIMONY, otSSOLVED < 10 ug/L 
MW10 18-Jun-84 ANTIMONY, DISSOLVED < 10 ugll 
MW19 14-&.p-M ANTIMONY, DISSOLVED < 10 UGil 
MW19P 17-0.0.113 ANTIMONY, otSSOLVED < 10 ug/L 
MW19P 16-M.-·04 ANTIMONY, otSSOLVEO ug/L 
MW19P 17-Jun-M ANTIMONY, tMSSOl.VID < 10 ug/L ,. 14 0 100% 
M\Y01A 17-D~V3 ARSENIC, DISSOlVED < 3 ug/L 
MWOtA 15-M.r-94 ARSENIC. DISSOLVED < 3 ug/L 
M'N'OlA 1 &-Jun-94 ARSENIC, Ot&SOLVEO < 3 ugfl 
MW01A 14-G.p-94 ARSENIC, DISSOLVED < 3 UGIL 
MW14 14-0ec-93 ARS€NtC, otSSOLVEO < 3 ug/L 
MW14 15-M«-V-4 ARSENIC, l'MSSOL.VEO < 3 uoll 
MW14 17-Jun-D-4 ARSENIC, DISSOLVED < 3 ug/L 
MW14 14-&.p-84 ARSENIC, DISSOLVED < 3 UG/L 
MW10 14-0eo-93 ARSENIC, otSSOL.VEO < 3 ug/l 
MW10 1 6-M«-94 ARSENIC, DISSOLVED < 3 ug/L 

C:ASfUG1_4,wk3; d•t• 26-0ct-94 



TABL£ E1 
CALCULAOON OF TOU!RANCE WTEflVALS FOR UPGRA.DIENT SHAL£ WEllS 

AMEIUCAN STEEL FOUNDRIES 
SEBRING FACIUTY 

DATA FROM FlRST FOUR QUARTERS 

w .. No. ..... -- - ._.. ..... ........... .......... of Hum~~« of ~of .......... T·Y-.. .._..,,. 
""""' "'" ....... -- .,.._ -- - ......... Canfldonoo """"""-

lJmM lJmM 

M\¥19 18-Jun-94 ARSENIC, CMBSOLVED 3 ug/l 
.. 

< 
M\¥19 14--s.p-94 ARSENIC, DtSSOlVED < 3 UG/l 
MW10P 17-0.0...93 ARSENIC, DISSOLVED 12 ugll 
MW10P 15-M-r-94 ARSENIC, DISSOLVED ugll 

MW10P 17~94 ARSENIC. DISSOLVED < 3 ugll 
14 13 1 93% 

MN01A 17-0.0..93 BARIUM, DISSOLVED < oo ugll 
MN01A 16-M-r-84 BARIUM, DISSOLVED < 60 ug!L 
MW01A 18-Jun-94 BARIUM,. DISSOLVED < 50 ug/l 
MW01A 14-s.p-94 BARIUM. DISSOLVED < riO UG!L 
MW14 14--0.0.93 BARIUM, DISSOLVED < 50 ugll 
M\¥14 15-M-r-94 BARIUM,. DISSOLVED < 50 ug/l 
M\¥14 1 7-Jun-IM BARIUM. DISSOLVED < r;o uoll 
MW14 14-&.p.IM BARIUM. DISSOLVED < !50 UGIL 
MW10 14-Deo-93 BARIUM. OIBSOL.VED < oo ugll 
M\¥10 1 tJ..M«-94 BARIUM. DtSSOlVED < r;o uo!L 
M\¥10 18-Jun-94 BARIUM,. DtSSOL.VED < 50 ugll 
MW10 14--&.p-IM BARIUM,. DISSOLVED < 50 UGIL 
MW111P 17-Deo-83 BAFIUM,. DISSOLVED < 00 ugll 
MW111P 115-M--M BAFIUM,. DISSOLVED ugll 
MW111P 17-.Jun.M IJAfiUM. DISSOLVED < oo ugll 

14 14 0 100% 
MW01A 17-0.0.93 BERVUJUM. 01880LVEO < • ugll 
MW14 14--0eo-113 BERYlliUM. DISSOLVED < • ugll 
MW10 14--0.0.113 BERYWUM. DISSOLVED < 0 ugJL 
M\N10P 17-0.0.83 BERVUJUM. DISSOLVED < • ugll 

4 • 0 100% 
MNOlA 17-0.0.83 CADMIUM, DISSOLVED o.1e uoll 
MWOlA 15-Mer·94 CADMIUM,. DISSOLVED 3.2 ugll 
MWOlA 18-Jun-94 CADMIUM, DISSOLVED 2ug/l 
MN01A 14-&.p-94 CADMIUM, DISSOLVED t.e UGIL 
M\¥14 14--0.0.93 CAOMIUM, DISSOLVED < 0.3 ug/l 
M\¥14 15-Mer·IH CAOMIUM, DISSOLVED < 0.3 ugll 
MW14 17-Jun..M CADMUM, DISSOlVED < 0.3 ugll 
MW14 14--Sep-94 CADMIUM,. DISSOLVED < 0.3 UGIL 
MW10 14-0.0.93 CAOMIUM, DISSOLVED < 0.3 ugll 
MW10 18-Mw-94 CAOMIUM, DISSOLVED 0.89 ugll 
M\¥10 18-Jun-94 CAOMUM. DISSOLVED 0.33 ug/l 
MW19 14--&.p-94 CADMIUM, DISSOLVED o.ee UGIL 
MW19P 17-0.0...93 CAOMIUM, DISSOLVED < 0.3 uoll 
MW19P 15-Mer-94 CAOMIUM, DISSOLVED ug/L 
MW10P 17-Jun-94 CADMIUM, DISSOlVED 0.33 ug/L 

14 • • 43% 0.83 0.84 2.814 3.0 
MN01A 17-Deo-93 CHLORIDE 97 moll 
MW01A 15-Mer-94 CHLORIDE 310 mg/l 
MW01A 1 fi·Jun-94 CHLORIDE 220 moll 
MN01A 14-Sep-94 CHLORIDE 270 MGil 
MW14 14--0eo-93 CHLORIDE 28 mg/L 
MW14 16-Mer-9-t. ~LORIDE 32 mg/l 
MW14 1 7-Jun-94 CHLORIDE 23 moll 
MW14 14-Sep-84 CttlORIOC 2C MGIL 
MW10 14--0.0.83 CHlORIDE 1emo/L 
MW1. 1 e-M.-94 CHLORIDE 13 mgll 
M\¥10 1 tJ..Jun-94 CHlORIDE 6.1 moll 
M\¥19 14--s.p-94 CHLORIDE 4.8 MGIL 

C:ASAJG1_4.wlo::3; d•t• 2fi·Oct·94 



TABLE E1 
CALCULA TtON OF TOLERANCE INTERVALB FOR UPGRA.DIENT SHALE Wa.LS 

AMERICAN STEEl. FOUNDRIES 
SEBRING FACKJTY 

DATA FROM FIRST FOUR QUARTERS 

WIINo. Dolo -- - ._. ....... ........... Number of ,........_of ~ .. of ........... y.v ..... .......... ,. .......... ,. - -- Dol- -- M- ~ .,.,...._ Con-
Umit Umit 

MW19P 17-Dec-93 a-tlORIOE 210 moll 
~ ... 

MN19P 16-Mer-94 Ofl.ORIOE mgll 
M'Nt9P 1 7-Jun-94 CHLORIDE 5.1 mg/1. 

14 0 14 0" uo.oo 107.26 2.614 370 

t.HN01A 14-Sep-94 a-tlOROFORM < 10 UG/l 
MW14 14-Sep-94 a-tlOROFORM < 10 UG/l 
MW10 14-Sep-94 a-tlOROFORM 0.4 UGJL 

MW01A 17.0.0.93 CHROMIUM. DISSOLVED < 2uoll 
MWOtA 16-M«-94 CHROMUM, DISSOLVED < 2 uoiL 
MW01A 1&-Jun-94 a-tROMUM, DISSOLVED 2.9 ugll 
MN01A 14-Sep-94 a-tROMIUM, DISSOLVED 2.6 UG/l 
MW14 14-0.0.03 a-tROMUM, DISSOLVED < 2uoll 
MW14 1 5-Mer-84 a-tROMUM, DISSOLVED < 2 ug/L 
MW14 17-Jun.IM CHROMUM, DISSOLVED < 2 uoll 
MW14 14-&.p-IM CHROMUM, DISSOLVED < 2 UG/l 
......,1. 14-0.0.93 OU\OMIUM, DISSOLVED < 2 ug/L 
MW10 1 8-Mer-IM OiROMUM, DlSSOLVEO < 2 uoll 
MW10 1D-Jun-84 CHROMUM, DISSOLVED < 2 uoll 
MW10 14-Sep-M OiROMUM, DISSOLVED < 2 UGIL 
MW10f' t 7-0ei>Ul OiROMIUM. DISSOLVED < 2 uoiL 
MW10f' 15-W..M otROMUM. DISSOLVED uoiL 
......,1 ... 17-Jun-IM Oif\Ot.IUM. DISSOLVED < 2 uoiL 

14 12 2 .. ,. 
MW01A 17.0.0.13 COBALT, DISSOLVED < e;o ugll 

MW01A 15-tMr-84 COBALT, DISSOLVED < 150 ogll 
MW01A 1 8-Jun-94 COBAlT, DISSOLVED 50 ugll 
MW01A 14-&ep-IM COBALT, DISSOLVED < fiOUG/l 
MW14 14-Dec>83 COBALT, DISSOLVED < 50 uoiL 
MW14 16-M.-84 COBALT, DISSOLVED < 50 uoiL 
MW14 17-Jun-IM COBALT, DISSOLVED < 50 uoiL 
MW14 14-&.p-84 COBALT, DISSOLVED < 50 UGIL 
MW10 14-0el>93 COBALT, DISSOLVED < 60 uoiL 
MW10 18-Mer-84 COBALT, DISSOLVED < 50 uoiL 
MW10 18-Jun-94 COBALT, DISSOLVED < 50 og/l 
MW18 14-8ep-94 COBALT, DISSOLVED < 50 UGIL 
MW10P 17·0.0.13 COBALT, DISSOLVED < 50 ug!L 
MN19P 16-Mer-94 COBALT, DISSOLVED uoiL 
MW10f' 11-Jun-94 COBALT, DISSOLVED < Mug/L 
MW10f' 17-0.0.93 CONOOCTANCE, SPECIAC 100 UMHOSICM 
MW18 14-Dec-93 CONDUCTANCE. SP£CIAC 170 UMHOS/CM 
MWU ta-M.-94 CONDUCTANCE, SPECIAC 1 19 UMHOS/CM 
MW01A 17-0.0.93 CONDUCTANCE, SPEctAC 1 100 UMHOSJCM 
MW01A 16-Mw-84 CONDUCTANCE. SPECIAC 1430 UMHOS/CM 
~01A 1 e-Jun-94 CONDUCTANCE. SPEOAC 1 e40 UMHOS/CM 
MW14 14-0.0.93 CONDUCTANCE, SPECIFIC 2200 UMHOS/CM .....,,. 16-M.r-94 CONDUCTANCE, SPECIAC 1920 UMHOS/CM 
MW14 t 7-Jun-8-t. CONDUCTANCE. SP£CAC 2050 UMHOS/CM 
MW19 16-Jun-94 CONDUCTANCE. SPEOAC 1430 UMHOS/CM 
MW1UP 16-M«-94 CONDUCTANCE. SPECifiC Ut.*IOSJCM 
MW1DP 17-Jun..94 CONOUCTANCE, GP(OFIC 1-430 UMtlOS/CM 
MW01A 14-8.,..94 CONDUCTANCE, SPfctAC 1750 UMHOS/CM 
.....,1. 14-&.p-94 CONDUCTANCE. SPEctAC 1950 UMHOSICM 
MW19 14-Sep-94 CONDUCTANCE. SPEctAC 1676 UMHOS/CM 

" 0 " 0" 1679.65 313.23 2.815 2561 

C:ASfUG1_4.wk3; d•te 26-0ct-94 



TABlE E1 
CALCUI.A TlON OF TOLERANCE INTERVALS FOR UPGRAOIENT SHA.l.£ WElLS 

AMERICAN STEB.. FOUNDRIES 
SEBRING FACN.JTY 

DATA FROM AR8T FOUR QUARTU\S 

w .. No. ""'• -- ...... ._.. ....... ........ .. NumtMr of Numbw of ~ .. of ......... T.V-. ,_ .. ,. ....... tiS% - .............. ,._ -- - - Confldonoe c:..nfidonoe 
Umit Umit 

MW01A 17-D.o-93 COPPER. DISSOLVED 1e uoll " 
MN01A 16-M«-94 COPPER. DISSOLVED 11 ug/l 
fr.M/01A ltJ.Jun-94 COPPER. DISSOLVED 32 ugll 
fr.M/01A 14-Sep-94 COPPER. DISSOLVED 34 UGIL 
MW14 14-~93 COPPER, DISSOLVED < 3 UQIL 
MW14 15-M«-94 C<>Pf"ER. DISSOLVED < 3 uo!L 
MW14 17-Jun-94 COPPER. DISSOLVED < 3 ug/L 
MW14 14-Sep-94 COPPER. DISSOLVED < 3 UGIL 
MW10 14-0.o-93 COPPER. DISSOLVED < 3 ug/L 
MW10 l~M«-94 COPPER. DISSOLVED < 3 ug/L ......,,. 1 tJ.J~94 COPPER. DISSOLVED < 3 ug/L ....... ,. 14-&.p-94 COPPER. DISSOLVED 7.7 UGIL 
MW19P 17-D.o-93 COPPER. DISSOLVED 9.8 ug/L 
MN19P 15-Mw-94 C<>Pf"ER. DISSOLVED < ug/L 
MW'1DP 17-Jun-94 COPPER. DISSOLVED < 3 ug/L ,. • • "'" MN01A 17-0.0.93 CYANIDE, TOTAL < 0.01 moll ......,,. 14-~93 CYANIDE, TOTAL < 0.01 moll ......,,. 14-0.0.93 CYANIDE, TOTAL < 0.01 moiL 
t.fN19P 17-0.0.83 CYANIDE. TOTAL < 0.01 mgll 

M'lt'OtA 17-0.0.83 FLUORIDE o.es moll 
MW01A 16-M.-94 FLUORIDE 0.82 mgll 
MN01A 1 e-Jun-84 FLUORIDE 1.4 moll 
MW01A 14-&.p-8-4. FLUORIDE 0.92 Mall ....... ,. 14-0.0.93 FLUOf\1DE 0,31 moll ....... ,. 1~94 FLUORIDE 0.26 mgll ....... ,. 17-Jun-94 FLUORIOE 0.34 moll ....... ,. 14-Sep-94 FLUORIDE 0.34 MG/L ......,,. 14-0.0.93 FLUORIDE 0.14 mg!L 
MW10 1 C-Mw-94 FLUORIDE < 0.1 mg/L 
MW10 1 G-Jun-94 FLUORIDE < 0.1 mgll ......,,. 1 ~84 FLUORIDE < 0.1 MGIL 
MN1DP 17-0.o-93 FLUORIDE 2.1 mgll 
twm19P 15-M.--94 FLUORIDE < mg/L 
MW19P 1 7 ..Jun-94 FLUORIDE < 0.1 moll ,. • • 30% 0.156 0.157 2.ft14 2.0 

MN01A 17-0.0.93 tAON, DISSOLVED 11000 ug/l 
MW01A 15-M.--94 IRON, DISSOLVED 2000 ug/l 
t.Mt/01A 1 G-Jun-94 IRON, OISSOLVED 21000 ugll 
MW01A 14-S.p-94 tRON, DISSOlVED 34000 UG/l ....... , . 14-0~93 IRON, OISSOLVED 1700 ug/l ....... ,. 16-Mw-94 IRON, DISSOLVED 1600 ugll ....... ,. 17-Jun-94 IRON, DISSOlVED 1400 ug/L ......,,. 14-Sep-941RON, DISSOlVED 1900 UGIL ....... ,. 14-D.c-93 IRON, DISSOLVED < 100 ug/l ......,,. te-Mw-94 IRON, DISSOlVED < 100 ug/L ......,,. 1 ft..Jun-94 IRON, OISSOI..VEO < 100 ug/L ....... ,. 14-Sep-94 IRON, DISSOlVED < 100 UG/l ......,, ... 17-0.0.93 IRON, DISSOlVED 330 ug/l 
t.Mt/19P 115-M...-84 IRON, OISSOtVEO ug/L 
MW1UP 1 7-Jw"t-04 11\0N, I>ISSOLVLI) < 100 ti(J!l ,. • • 30% 15381 9738 2.(514 30035 

MW01A 17-0eo-93 l£A.D, DISSOLVED < 3 ug/L 
MN01A 16-M-~94 l£AD, DISSOLVED < 3 ug/L 

C:ASFUG1_ 4.wk3; date 26-0ct-94 



TABlE E1 
CALCULATION OF TOLERANCE INTERVALS FOR UPGRADtENT SHALE WB.LS 

AMERICAN STEEL FOUNDRtES 
SEBRING FACIUTY 

DATA FROM FIRST FOUR QUARTERS 

WoiNo. ""'• -- - -"""" ........... Numb« of Number of Plliccc.t.ga ol .. """"'-~ T-Vrloe .._ .. ,., ._ .. ,., ...... --- Dot- -- ..... """"""" ........... """"""-
Umlt Umlt 

......01A 1 e-Jun..IM LEAD, DISSOLVED < 3uoll " 

......01A 14-&.p-IM LEAD, DISSOLVED < 3 UG/l 
MW14 14-0eo-83 LEAD, DISSOLVED < 3 uoll 
MW14 1 &-M..-84 LEAD, DISSOLVED < 3 uoll 
MW14 1 7-..lun-54 LEAD, DISSOLVED < 3 uoll 
MW14 14-&.p-94l.EAD, rHSSOLVED < 3 UGIL 

-1· 14-Deo-93 LEAD, DISSOLVED < 3 uoll 
-1· 18-M..-94 lEAD, DISSOLVED < 3 uoll 
MW19 18-~84 lEAD, DISSOLVED < 3 uoll 
-1· 14-&.p-94 LEAD, DISSOLVED < 3 UG/l 
MW19P 1 7-0eo-»3 LEAD, DISSOLVED < 3 uoll 
M\¥19P 1 5-Mer-94 LEAD, DISSOLVED uoll 
M#llitP 17·-"-IM LEAD, DISSOLVED < 3 uoll 

14 14 0 100% 
......01A 17-D.c>83 MANGANESE, DISSOLVED 1200 ugll 
......01A 16-M..-»4 MANGANESE, OtSSOLVED 1000 ugll 

""'"1A 1 ~4 MANGANESE, otSSOLVED 2200 ugll 

""'"1A 14-s.p.84 MANGANESE, OtSSOl..Vffi 2700 UGJL 

-1· 1~3 MANGANESE, DISSOLVED 620 ugiL 
O.O.V14 15-~ MANGANESE, DISSOLVED e6o ug11. 
MW14 17-Jun...84 MANGANESE. DISSOLVED 670 ugll 

-1· 14-Sep-IM Mt.NGANESE, DISSOLVED 600 UGJL 

-1· 1.....0.0.83 MA.NGANESE, DISSOLVED 000 uoll 
-1· 1 e.~ MANGANESE, DISSOLVED 

"" uoll ...V10 1 e-Jun...84 MANGANESE. DISSOLVED 600 uon.. 
-1· 14-Sep-84 MANGANESE. DISSOLVED &10 UGIL 
M'NtlitP 17-Deo-93 MANGANESE, DISSOLVED < "uoll 
-19P 15-Mw-94 MANGANESE. DISSOLVED uoll 
M'N18P 17.JI.n-84 MANGANESE. DISSOLVED 000 uoll 

14 1 13 7% 000 714 2.614 2740 

""'"1A 1 7..0.0..S3 MERCURY, DISSOLVED < 0.2 Ug/l 
""'"1A 15-M..-84 KRCURV, DISSOLVED < 0.2 uoll 
......01A te-Jm..-84 MERCURY, DISSOLVED < 0.2 ugll 

""'"1A 14-&.p-84 MERCURY, DISSOLVED < 0.2 UGil 
-14 14-Deo-83 MERCURY, DISSOLVED < 0.2 uoll 
-1· 15-M.r-.84 MERCURY, DISSOLVED < 0.2 ugll 
-1· 17·.bt-IM MERCURY, DISSOLVED < 0.2 ugll 

-1· 14-Sep-94 MERCURY, DISSOLVED < 0.2 UGIL 

-1· 14-Deo-83 MERCURY, DISSOLVED < 0.2 ugll 

-1· 18-M.r-94 MERCURY, DISSOLVED < 0.2 ug/l 
MW19 1 CS..Jun-94 MERCURY, DfSSOLVED < 0.2 ug/L 

-1· 14-s.p.-»4 MERCURY, DtSSOLVEO < 0.2UGil 
MW19P 1 7-0.0..S3 M:RCURV, DISSOLVED < 0.2 ugll 
M\¥18P 1 IS-M..-94 MERCURY, DISSOLVED uoll 
MW19P 17-Jun-»4 MERCURY, DISSOLVED < 0.2 ugll 

14 14 0 100% 
""'"1A 17·0.0...93 NICKS.. DISSOLVED < 40 ugll 
......01A 16-Mw-94 NICKEL. DISSOLVED < -40 ugll 
M'N01A 18-Jun-8-4 NICKEl. DISSOLVED 71 ug/l 
""'"1A 1o4-Sep-»o4 NICKEL. OISSOLVEO 80 UOJL 
MW1• H·D.o-83 NICKEL, 018SOLVEO < 40 ualt 
...V14 15-Mw-8-4 NICKEL, DIBSOLVEO < -40 ugll 

-1· 1 7-Jun-9-4 NICKEL. DISSOLVED < -40 ug/L ....,,. 14-s.p-94 NICKEl. DISSOLVED < 40 UG/l 

-1· 1o4-D.o-83 NICKEL. DISSOLVED < 40 ugll 

C:ASFUG1_ o4.wto:3; dltt• 215·0ct·94 



TABLE E1 
CALCUlA l10N Of TOLERANCE INTERVALS FOR UPGRAOtENT SHALE WB.lS 

AMERICAN STEEL FOUNDRIES 
SEBRtNG FACiliTY 

DATA FROM FIRST FOUR QUARTERS 

Wei No. ..... -- ..... -Unlb ............. Number of Numbw of Pwowlt-o- of .......... T-v-.. ......... ,. ._ .. ,. -- Non-d.t.at• .,.._ -- ..... Dovlotlon """"""'- """"""-...... ...... 
-40 ugll 

. . 
...V19 18-M.r-94 NICKEL. DISSOLVED < 
...V19 18-Jun-94 NICKEL. DISSOLVED < 40 ugll 

...V10 14-&.p-94 NICKEL. OtSSOLVED < 40 UGil 
MW19P 17-0.0.93 NICKEL. DISSOLVED < 40uoll 
...V191' 1&-M.r-94 NICKEL. DISSOLVED uoll 
MW19P t 7-Jun-94 NICKEL. DISSOLVED < 40 ug/l 

14 12 2 86% 
MW01A 17-Deo-93 NITROGEN, NITRATE 0.52 mg/L 
M¥Y01A 16-M.r--94 NITROGEN. NITRATE < 0.48 rroll 
MW01A 18-Jun-9-4. NITROGEN, NITRATE < o.os moll 
MoNOlA 14-Stop-94 NITROGEN, NITRATE < 0.26 MGil 
...V14 14-0.0.93 NITROGEN, NITRATE < o.os moll 
...V14 16-Mw-94 NITROGEN, NITRA. TE < 0.06 mall 
...V14 17-Jun-94 NITROGEN, NITRATE < 0.06 mall 
...V14 14-8top-94 NITROGEN, NITRATE 0.062 MOIL 
...V10 14-0.0.83 NITROGEN, NITRATE 1.4 mall 
...V10 t 8-M.r-84 NITROGEN, NITRATE 1.1 mgll 
MW10 18-Jun..IM NITROGEN, NITRATE t.tl mg/l 
MW10 14-s.p..U-4 NITROGEN, NITRATE 1.2 MOIL 
MW10f' 17-0.0.13 NITROGEN, NITRATE 0.23 mgJl 
.....,1 ... 15-M--tM NffftOGEN, NITRATE moll 
.....,1 ... 17..Jun...IM NITOOGEN, NITMTE 1.0mgll 

14 6 • 43% 0.152 0.150 2.1514 2.2 

...V14 1......0.0..83 PHENOUCS, TOTAl RECOVERABLE< 301 mgJl 

MNOtA 17·0.0.83 PHENOUCS, TOTAL RECOVERABL£< 0.01 moll 
MW01A 16-Mw-94 PHENOUCS, TOTAL RECOVERABL£ o.o:w. moll 
M'N01A 1 8-.Jun-04 PHENOUCS, TOTAL RECOVERABLE< o.o1 moll 
MvV01A. 14-Stop-94 PHENOUCS, .TOTAL RECOVERABLE< 0.01 MGIL 
MW14 15-Ma--94 PHENOUCS, TOTAL RECOVERABlE o.28 mall 
...V14 17-.Jun-94 PHENOUCS, TOTAL RECOVERABlE 0.012 mofl 
MW14 14-8top-84 PHENOUCS, TOTAL RECOVERABlE 0,02 Moll 
...V10 14-0.0.83 PHENOUCS, TOTAL RECOVERA.Bl.E 0.01 mgJl. 
...V10 18-M.r-IM PHENOUCS, TOTAl RECOVERABLE< 0.01 moll 
...V10 15-.Jun.-94 PHENOUCS, TOTAL RECOVERABLE 0.01 mgJl. 

...V10 14-Sep-9-4 PHENOUCS, TOTAL RECOVERABLE 0.011 MGIL 

...V10f' 17·o.o-93 PHENOUCS, TOTAL RECOVERABLE< 0.01 mgll 

...V10f' 16-M.-&4 PHENOUCS, TOTAL RECOVERABLE mgll 

.....,1 ... 11·Jun.94 PHENOUCS, TOTAL FIECOVERA.Bt.E 0.01 mgiL 
13 6 8 38% 0.03 0.07 2.157 0.2 

MwY01A 17·0.0.93 SELENIUM, DISSOLVED < 3 uoll 
MW01A 16--M.-94 SELENIUM, I:MSSOLVED < 12 ug/L 
MW01A 18-Jun-94 SElENIUM, otSSOlVED < 3 uoll 
MW01A 14-&.p-94 sa.E:NIUM. otSSOLVED < 15 UGIL 
...V14 14-0.0.03 S£l.ENIUM, DISSOLVED < 3 uoll 
...V14 16-M.r-94 sa.ENIUM, DISSOLVED < 12 ugll 
MW14 11-Jun-94 &El..EMUM. DISSOLVED < 3 uoll 
...V14 1-4-&.p-94 SELENIUM, DISSOLVED < 15 UG/L 
MW10 14-0.0.93 SELENIUM, DISSOLVED < 3 ug/L 
...V10 15-M.-94 SELENIUM, I:MSSOLVEO < 12 ug/L 
MW19 15-..lun-9-4 SELENIUM, DISSOLVED < 3 ug/L 
MW10 1-4·8-t>-0-4 SflfNIUM, DUlBOlV[O < 1'1 UO/L 
MW19P l1·De&D3 5£UNIUM, DtSSOLVEO < 3 ug/L 
MW19P 16-M.r-94 SEUNIUM, DISSOLVED UQIL 
Ml/w'19P 11·Juo.94 SELENIUM. DISSOLVED < 3 uoll 

14 14 0 100% 0.00 

C:ASFUG1_4.wk3; d•t• 2ti-Oet-94 



TABLE Et 
CAlCUlA TK>N Of TOL£RANCE tNTERVALS FOR UPORADtENT SHALE W8..lS 

AMERICAN STEn.. FOUNDFUES 
SEBRING FACUTY 

DATA FROM FIRST FOUR QUARTERS 

w.aNo. Doto .......... ...... _ ...... ......_ .. ~of NurnMrof ,.. .. ,.aowof ........... T-VIIIuo ""'"' .. " lJpp« 85% - --- ,.._ -- - Dovlotlon """""""' """"""-
Umlt Umlt 

MWOlA 11·0.0.93 ~LVER. DtSSOLVED < , ug/l '· 
MWOtA 16-Mw-94 ~lVER. DtSSOlVEO < , ugll 
WIOtA 1 8-Jun-84 SILVER. DtSSOlVED < , ug/l 

'"""''A 15-Sep-9<4 84LVER. DtSSOLVEO < 1 UG/l .....,,. 14-0.0.93 SILVER, DtSSOLVED < , ug/l .....,,. 1 6-M«-94 SILVER. DtSSOLVEO < , ug/l ...... ,. 17-Jun-9• SILVER. DtSSOLVED < , ugll -·· 14-S.s-t. SILVER. DtSSOI..VEO < 1 UG/l 

"""'" 14-0.0.93 SILVER. DISSOLVED < 1ug/l .....,,. HS-M«·9· SILVER. DtSSOLVED < 1 'ugll ...... ,. 18-Jun-94 SILVER. DISSOLVED < , ugll .....,,. 14-Sep-9. SILVER. DISSOLVED < 1 UGJL 
MW19P 17-0.0.93 SILVER. DISSOLVED < , ug/l 
MW19P 16-M«-9. SILVER. DISSOLVED ug/l .....,,., 17-Jun-SK SILVER. DISSOLVED < , ugll ,. 14 0 100% 
MW01A t 7-0.0.93 SCXltUM. DISSOLVED t11000 uglt 
MWOlA 16-M.-IM SODIUM. DtSSOLVED 1.0000 ug/1. 

'"""''A 18-Jun..M &ODIUM. DtSSOLVEO 110000 ug!l 

'"""''A 14-&.p-SK SODIUM. Dt&SOLVEO 120000 UG/l .....,,. 14-0.0.93 &00tUM. DtSSOLVED 39000 ug/l .....,, . 15-M.-84 8001UM. DISSOlVED 37000 ug/l ....,,. 17-Jun..IM aootlJM. DISSOLVED 39000 ug/l ....,,. 14-Sep-84 S0DtUM. DtSSOLVEO 38000 UG!l ....,,. 14-0.0.83 SODIUM. DtSSOI..V£0 < 7tl00 ugJl ....,,. 18-Mw-84 SODIUM, DISSOLVED 4800 ugll .....,,. 1ti-Jun.M SODIUM,. DISSOLVED 5400 ug/l -·· 14-Sep-9<4 SODIUM, DISSOLVED !5800 UG/l 
MW19P 17-0.0.93 SODIUM, DISSOLVED 200000 ug/l 
MW1tiP 15-M«-a-4 SOOIUM, DISSOLVED uoll 
MN19P 17-Jun.M B<XlfUM. DISSOLVED 5400 ug/l ,. , 13 7% !58071 689.1 2.e1• 212143 

MWOtA 17-0.0.93 SULFATE 240 rngll 
MW01A 16-Mat-94 SULFATE 640mgll 
t.fN01A 1 8-Jun-84 SUU:A TE •t~o mg/l 
MW'01A 1 4-&.p-9<4 SULFATE !570 MGIL .....,,. 14-0.0.93 SUlfATE 1100 mg/L .....,,. 16-Mw-94 SUlfATE 1100 rng/l .....,,. 17-Jun-94 SUlfATE 1000 mg/t .....,,. 14-5.p-94 SUlfATE 1200 MG/l .....,,. 14-0.0.93 SUlfATE 43 mg/L .....,,. 1 ti-M«-94 SUlfATE 32 mg/L .....,,. 1 ti-Jun-94 SUlfATE 3tl mg/L .....,,. 1-4-6~94 SULFATE 42 MG/L 
MN19P 11·0.0.93 SULFATE 330 mg/L 
MW19P 15-M«-94 SUlfATE mglt. 
MW19P 17-Jun-84 SULFATE 3tl mgll ,. 0 14 0% 480.tl4 433.23 2.014 1013 

MND1A 14-Sep-94 SUlfiDE < 1 MG/L .....,,. 1 4· s.,.. 94 SlJlfiOE < 1 MOll 

"""'" 1-4-Sep-94 St.JlfiOE 1.3 MOIL 
M'NOlA 17-0.o-93 SULFIDE, TOTAL < 1 molt. 
MW01A 15-M«-94 SULFIDE. TOTAL < , mg/l 
MN01A 1 ft..Jun-84 SUlROE, TOTAL < , mg/l .....,,. 14-0~93 SUlfiDE, TOTAL 1.9 mgfl 

C:ASFUGl_ -4.wk3; data 2!1-0ct-84 



TABlE E1 
CALCULATION OF TOL.£RANCE tNTERVALS FOR UPGRADfENT SHALE WELL8 

AMERICAN STEEL FOUNDRiES 
SEBRING FACILITY 

DATA FROM FIRST FOUR QUARTERS 

w .. No. Dolo -- - ._.. ...... ......_ .. NumMr of .......... of Jlwod:-oe of ......... T-V.Iue ......... % ._ .. % - -- .,. .... ............. .._, - """"""- """"""-
Umit Umit 

MW14 16-M«-94 SUL.FtDE. TOTAL 1.2 moll 
,.-., 

MW14 17-Jun-94 SULRDE, TOTAL 2.6 moll 
MW19 14-0.0...93 SUL.AOE, TOTAL t.emo/L 
MW10 1 e-M.-94 SULAOE, TOTAl < 1 moll 
MW19 1 8-Jun-94 SULFIDE, TOTAl 1.2 moll 
MW19P 17-0.0...93 SULFIDE, TOTAL 3.3 moll 
MW19P 15-M«-94 SUL.ADE, TOTAl moll 
MvV19P 17-Jun-a-4- SUL.RDE, TOTAL 1.2 mgll 

14 • • 43% 1.44 o.ee 2.614 3.2 

MvVOlA 17-0.0.93 THAWUM, DtSSOLVED < 3 moll 
MW14 14-D.c-93 THAWUM, DtSSOLVEO < 3 moll 
MW10 14-0.0.93 THAWUM, DtSSOLVED < 3 moll 
MvV19P 17-0.0.93 THAWUM. DtSSOLVED < 3 moll 

MW01A 17-Deo-93 T~. DISSOLVED < r;oo uo/L 
MW01A 15-M«-94 TIN, Ot&SOLVED < tiOO ug/L 
MW01A 10-Jun-94 TIN, DISSOLVED < ~00 ug/l 

MW01A 14-Sep-94 TIN, DISSOLVED < ~00 UG!L 
MW14 14-Deo-113 TIN, DISSOLVED < ~00 ug/L 
MW14 1 6-Mar-M TlN, DISSOLVED < OOOuo/l 
o.tN14 17·Jun-M TIN, DISSOLVED < OOOUg/l 

-14 14-Sep-84 TIN, DISSOLVED < ~00 UGIL 
MW10 l....a.c-13 TtN, DISSOLVED < OOOUg/l 

MW10 1 e-Mar-84 TtN, DISSOLVED < ~oo uoll ,.....,. 10-Jun-84 TlN, EMSSOLVED < r;oo uoll 
MW10 14-Sep-84 TIN, otSSOLVm < ~00 UGIL 
hN/18P 17-0.0.83 TIN, DISSOLVED < OOOuoll 

-19!' 1 15-Mar-94 TIN, DISSOLVED uoll 
-19!' 17-.Jun-94 TIN, DISSOLVED < OOOUg/l 

14 14 0 100% 
MW01A 15-M.-84 TOTAL ORGANIC CARBON AS NPOC 101 mgll 
MW01A 17-0.0.13 TOTAL ORGANIC CARBON AS NPOC o.e moll 
MW01A 10-.Jun-84 TOTAL ORGANIC CARBON AS NPOC 1.1 moll 
MW01A 14-Sep-94 TOTAL ORGANIC CARBON AS NPOC 17 MGIL 
MW14 14-0.0.93 TOTAL ORGANIC CARBON AS NPOC 3.3 mgll 
MW14 15-M«-94 TOTAL ORGANIC CARBON AS NPOC 2.2 moll 
o.tN14 17-Jun-94 TOTAL ORGANIC CARBON AS NPOC 1.2 mg/L 

-1· 14-Sep-94 TOTAL ORGANIC CARBON AS NPOC 9.3 MGIL 
MW10 14-0.0.93 TOTAL ORGANIC CARBON AS NPOC 1.9 mg/L 

MW19 1 8-M.r-94 TOTAL ORGANIC CARBON AS NPOC 1.1moll 
MW10 1 O-Jun-94 TOTAL ORGANIC CARBON AS NPOC 0.34 moll 
o.tN19 14-Sep-M TOTAL ORGANIC CARBON AS NPOC 2e MGIL 
t.fN19P 1 7-o.o-93 TOTAL ORGANIC CARBON AS NPOC 34 moll 
MW19f' 16-M.-94 TOTAL ORGANIC CARBON AS NPOC moll 
MW19P 17-Jun-94 TOTAL ORGANIC CARBON AS NPOC 0.34 moll 

13 0 13 0% 7.81 10.67 2.614 36 

MIN19P 17-0.0.93 TOTAL ORGANIC HAUDES 130 ug/L 
MW01A 17-D.c-93 TOTAL ORGANIC HAUDES 8 ug/L 
hfN01A 1 6-M.-94 TOTAL ORGANIC HAUOES 20 ug/L 
MW01A 1 fi-Jun-94 TOTAL ORGANIC HAUDES 14 uoll 
MW01A 14-S.-94 TOTAl ORGANIC HALJ[)(S 17 UO!L 
MW14 14-Deo-93 TOTAL OOGANIC HAUD£8 7.4 ug/L 
MW14 16-M.-94 TOTAL ORGANIC HAUDES 10 ug/L 
MW14 17-Jun-94 TOTAl ORGANIC HAUOES e.o uo/l 
MW14 14-Sep-94 TOTAL ORGANIC HAUOES 62 UG/l 

:·;' 

C:ASFUG1_ 4.wk3; d•t• 26-0ct-94 



TABLE E1 
CALCULATION OF TOLERANCE INTERVALS FOR UPGRAOIENT SHALE WEllS 

AMERICAN STEEL FOUNDRIES 
SEBRING FACIUTY 

DATA FROM FtRST FOUR QUARTERS 

w .. No. ..... ............. - -Unlto ............. ,.....,... of Nurnt. of ~of ......... T-V-- ..._ .. ,. ._ .. ,. - -- .,.._ -- - """"""" c.n ....... c.n....... 
Umit Umit 

MW10 14-~93 TOTAL ORGANIC HAUOES < 6 ugll 
~ ... 

MW19 11)-M-'-94 TOTAL ORGANIC HAUDES 6 ugll 

MW19 15-Jun-94 TOTAL ORGANIC HAUDES 7.8 ugll 

MW10 14-s.p-94 TOTAL ORGANIC HAUOES < 6 UGIL 

MW10f' 16-M-'·94 TOTAL ORGANIC HAUDES ugll 
MW19f' 17-Jun-94 TOTAL ORGANIC HAUDES 7.8 ug/L 

13 2 11 16" 13.49 14.72 2.814 62 

MW01A 1 7-0ec-93 VANADIUM, DISSOLVED < 60 ugll 

MW14 14-0.0.93 VANADIUM, DISSOLVED 50 ugll 
MW19 14-0.0.93 VANADIUM, OISSOLVED < 60 ug/L 

MW19f' 17-0.0.93 VANADIUM. lMSSOLVED < 50 ug/L 

MW01A 17-0.o-93 ZINC, DISSOLVED 70 ugll 
MIN01A 16-M«-94 ZINC, (MSSOLVEO !58 ug!L 

MN01A te-Jun-94 ZINC, DISSOLVED teo uoll 
MW01A 14-&.p-8-i. ZINC, DISSOLVED 1!50UG/L 
MW14 14-0ec-93 ZINC, DISSOLVED 20 ugll 

MW14 16-M.-94 ZINC, DISSOLVED 20 uoll 
MW14 1 7-Jun-94 :DNC, DISSOLVED < 20 ugll 

MW14 14-Sep-a4 ZtNC, DISSOLVED < 20 UGJL 

MW10 14-0.0.13 ZINC, DISSOLVED < 20 ug/L 
MW19 1 IS-Mw-D4 ZINC, OISSOLVEO < 20 ugll 

MW18 HJ-Jun-94 ZlNC, OISSOLVEO < 20 ugll 

MW10 1 4-Sep-94 ZINC, DISSOLVED 415 UGIL 
MW10f' 1 7-Deo-lt3 ZINC, DISSOLVED < 20 ugll 
MW19f' 1 6-Mw-lt4 ZINC, DISSOLVED ug/l 

MW11tP 17-Jun-M ZINC, DISSOLVED < 20 ug/l 
14 7 7 60" 47.21 48.72 2.814 100 

MW01A 17-0.0.93 pH, AELD 3.5 su 
MW01A 16-M--94 pH, AElO 3.2 su 
MN01A 15-Jun-M pH, AElD 4.1 su 
MW01A 14-Sop-94 pH, RELD 4.3 su 
MW14 14-0.0.93 pH, AELD 7.2 su 
MW14 15-Ma>-94 pH, AElO 8.2 su 
MW14 17-Jun-94 pH, AELD 7.1 su 
MW14 14-Sep-94 pH, AELD e.e su 
MW10 14-0.0.93 pH, RELD 8.2 su 
MW19 1 8-M--94 pH, AELD 5.4SU 
MW19 15-Jun-94 pH, RELD 8.6SU ......,,. 14-Sep-94 pH, AELD 6.6 su 
MW'19P 17-0.0.93 pH, AELO • su 
MW19P 16-Mw-94 pH, REto su 
MW19P 17-Jun-94 pH, AELD 8.6 su 

MW10f' 14-Sep-94 pH, AELD su 
14 0 14 0" 5.82 1.48 2.814 2.0 9.8· 

C:ASR.JG1_4.wk3; d•t• 26-0ct-94 
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TAIIUI2 
COMPAIUOIIII OP DOWNGI\ADIENT MD UI"GG'\A.C&Dn' ClftOUNDWATa QUIWTY ·IHAU'WEl.IJi 

AMB'ICAH ITi:B. POUNDAID 
&EII;AIINO FACIUTY 

DATA FROM FIRAT FOIM QUARTSW 

WEl..l.ID. 

MW20 
MW20 
MW20 
MW21P 
MW21P 
MW21P 
MW22P 
MW22P 
MW22P 
Proportion. T...t 

DATE .. ARAMl'Tiil'l 

1 &-Ooc-i3 AI..KAUNITY, &!CARBONATE 
1&-Mw-i-4 AL.KAUNITY, BICAABONATE 
1&-J-..,.IM AlKALINITY, BICARBONATE 
17-o.c-i3 AlKALINITY, BICAABONATE 
Ht-M•·IM ALKALINITY, BlCARBONATE 
18-Jlrl-04 ALX.AUNITY, BICAABONATE 
1e-o.c-i3 ALK.ALJNITY, BICAABONATE 
1~w-IM AI..KAUNITY, BICAABONATE 
1&-.llri-IW AI..KAUNITY, BICAABONATE 

No, ol B.clc.QrCIU"'d Oet..:ui (x) 3 
No. of Ba.ek.Qround Sempk.l W 11 
Proportion of Dste-=t:. (P\J) 0.27 
No. of Oow~rlldient Detect~ tyl 8 
No. of Oow~rlldi.lt ~ lml i 
Proportion of o.t.a. (Pdl 0.81 
St.-ndwd of Error 0.2238 
Z S!ltietie (Z) ·2.7558 

< 

RDULT UNITI 

330 ..... 
370 mGA-

20 ..... 
300 ..... 
3$0 ..... 
370 mgA. 
170 mgA. 
770 mgA. 
770 rngA_ 

• 

UPPSI ii" LOWSI\,115" 
COHRDENC£ LIMlT CONADEHC£ LJfMT £XC&DAHCE7 

At.olut• vllu. of Z uoeedl.._1 :ie, tt..ton tt.. il 1 diffweoo~ bet'!¥_, ~edl.nt .-.:1 dow~tdiv.c wltW qullity .c thll 6% ligrifiCW'IC* leYtll 

MW20 
MW20 
MW20 
MW20 
MW21P 
MW21P 
MW21P 
MW21P 
MW22P 
MW22P 
MW22P 
MW22P 
Pr09ot'ti- TMC 
No. of B.clc.QrOU'W:l: OetKUI lx) 

1s-o.e-u AL.KAUNITY, CARBONATE 
1 &-Mw·IM ALKAI..INITY, CARBONATE 
HS-Jlri-IW ALK.ALJNITY, CARBONATE 
14-S,..IM AL.KA1.1NITY, CARBONATl! 
17-o.c-i3 ALXAUNITY, CARBONATE 
11--M•·i-4 ALKAI..INITY, CARBONATE 
1&-.h.n-i-4 AI..KAUNITY, CARBONATE 
14-Sep-M ALKAI..INITY, CARBONATE 
1 s-o.e-U ALKAI..INITY, CARBONATE 
16-Mw-M ALK.ALJNITY, CARBONATE 
1&-Jl.n"M ALXAUNITY, CAABONATE 
14-Sep-M AL.KAUNITY, CARBONATE 

No. of Bec:kQrOI.nt s.m~ W 
r09ot'tion of o.t.a. N 
,o. of Oown;t.:l-..: o.tecta IYI 

No. of Downgr.atenl ~ '"'' 
ProportiOil of o.tecta (Pdl 
Stlll'ldwd of Error 
z SU.time tzl 

MW20 
MW20 
MW20 
MW20 
MW21P 
MW21P 
MW21P 
MW21P 
MW22P 
MW22P 
MW22P 
MW22P 
Proporti- T.at 
No. of Bec:kQrCIU"'d o.taet. (x) 

1&-0ee-i3 ~TIMOHY, DISSOlVE) 
1&-M.,..i-4 ANTIMONY, DISSOlVE> 
18-Jlrl-i-4 ANTIMONY, DISSOlVED 
14•$ep-IM ANTIMONY, DISSOlVED 
17..0.C.I3 ANTIMONY, DISSOlVE> 
18-M•-IM ANTIMONY, DISSOLVE> 
1&-JIII-IM ANTIMONY, DISSOlVE> 
14-s.p.i-4 ANTIMONY, DISSOLVE> 
1 &-o.e--13 ANTIMONY, DISSOLVED 
1~•-i-4 ANTIMONY, DISSOlVED 
1&-JIII-IM ANTIMONY, DiSSOLVED 
14-s.p.i-4 ANTIMONY, DISSOlVED 

No. of Ba.ek.Qround ~ 1rV 
Proportion of DetKtS N 
No. of Oow~r~ient Det~ IYI 
No. of Oowngradient s.mp.. lml 
Proportion of Detect~~ (Pel} 

StW'dwd of Error 
ZStlliltictzl 

MW20 
MW20 
MW20 
MW20 
MW21P 
MW21P 
MW21P 
MW21P 
MW22P 
MW22P 
MW22P 

1W22P 
roportiorwTMt 

1 6-0ec-13 ARSENIC, DISSOLVED 
18-M•-i-4 ARSENIC, DISSOLVED 
1&-Jl.n"IM ARSENIC, DISSOLVED 
14-Sep-IM ARSENIC, DISSOLVED 
17-Dec-U ARSENIC, DISSOLVED 
16-M•·i-4 ARSENIC, DISSOLVED 
1&-Jlrl-i-4 ARSENIC, DISSOLVED 
14-Sip-i-4 ARSENIC, DISSOLVED 
1 e--o.o-U ARSENIC, OISSOL VEO 
16-Mw·IM ARSENIC, DISSOLVED 
1&-Jlri-IW ARSENIC, DISSOLVED 
14·Se9-IM ARSENIC, DISSOLVED 

No. of 8-.c:kQrO!IId Oatecte bd 
No. of 8~0U"Id ~ W 
Proportion ol o.t.cta N 
No. of Downor.oienl: o.t.eta ty) 
No. of Down;~tadlenl Swnplta Cml 

C:\PROJECTS\ASF\ASFDSH.wk.3; dace 1 1-+IOY-&4 

1 ,. 
0.07 

• 12 
0.25 

0.1411 

< 
< 
< 

< 
< 
< 

< 
< 
< 

• 

·1.2681 No Dltf.,.--

0 ,. 
0.00 

0 
12 

0.00 
0.0000 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

12 

EM. No Offfwlt'IC8 

< 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

11 
1 ,. 

0.07 
1 

12 

20mgA 
20 ..... 
20 ..... 

2i0 MG!\. 
20 ..... 
20mgA 
20mgA 

380 MGA. 
20moA 
20mgA 
20moA 

770 MGIL 
12 

10 ...... 
10 ...... 
10 !..~;A 
10UGJL 
10 ...... 
10 ...... 
10 ...... 
10 UGA. 
10 ...... 
10 ...... 
10 ...... 
10 UGA. 
12 

....... 
3.3 Ugl\.. ....... 

3 UGA. ....... ....... 
3 ...... 
3UGA. 
3 ...... 
3 ...... 
3 ...... 

'""" 12 



TAOUEI 
COMPANION Of DOWNQIIV.DtDIT AHD ~EHT OftOUNDWATliPI QUAUTY • aHAUE WEU.I 

N/IB'ICAIII &Tm FOUNDRD 
a&RNO FACUJTY 

DATA FROM RRIT fOI.M QUAR"T'iN 

WEU.ID. DATi PNl.NtA~ RESULT UNT& 

0.01 Proporti~ of Detocta (Pod} 

Standerd of &Tor 
z St..u.tlc: CZl 

0.10o41 
-0.113&No0~ 

MW20 
MW20 
MW20 
MW20 
MW21P 
MW21P 
MW21P 
MW21P 
MW22P 
MW22P 
MW22P 
MW22P 
P,.oporti«JJ T-.t 

1&-e.c-U BAAIUM, DISSOLVED 
18-Mar-~ SAAIUM, DISSOLVED 
16-Jun-14 BARIUM, DISSOlVED 
14-~04 BAAIUM, DISSOLVED 
17...0.C.Iil3 BARIUM, DISSOLVED 
1 e.Mar•N BARIUM, DISSOLVED 
18-,h.n-N BARIUM, DISSOLVED 
14-~M BARIUM, DISSOLVED 
18-0ec-13 BARIUM, DISSOLVED 
16-Mar·i-4 BARIUM, CISSOlVED 
1$-J~.n-M BARIUM, DISSOlVED 
14-s.p.-M BARIUM, DISSOLVED 

No. of BP;rou:'ld o.t.et. bd 0 
No. of SPgrOIIld SwnP'-"1rll 1<1 

PrOIXIftion of o.tect. IPuJ 0.00 
No. of Downgradient o.t.ctli ty) I 

No. of Oowngrad*- SamP- lml _ 12 
Proportion of o.t:.ct:. (Pd) 0.!7 

Sunderd tJf &rot 0.1818 
2 SU1Xtic CZl ·3.5717 

< 
< 
< 
< 

4 

150u;A. 
60u;A. 
150u;A. 
50 UGil. 

120u;A. 
240 ugJ\. 
140 ugJl 
1.0 UGA. 
200u;A. 
170 ugJ\. 
110ugJl 
140 UGJ\. 

12 

~ ""' LOWEJ\81" 
CONADENCE LIMIT CONADENCE UMT EXCEEDAHCE? 

~olute vlllu. of Z .xc..X 1 .88, tt.'ef0t11 tt.re • 1 GlffwW'IQI t.tw--. \4)Qradiw'lt .-.:1 dowf'Qfeclianl wctw ~ 81. dw 6" lligrifieancl lrHI 

MW20 1~13 BERYWUM, DISSOLVED < ....... 
MW21P 1 7...0.C.I3 BERYUJUM, OISSOI..VEO < ....... 
MW22P 1 e-o.c--t3 BERYWUN, OISSOl. VED < ....... 
MW20 1 S.O.C.U CADMIUM, DISSOLVED < 0.3 ugA. 3.0 

"W20 1&-M•·i-4 CADMIUM, DISSOLVED < 0.3 ugA. 3.0 
N20 Hhh,.,..N CADMIUM, DISSOLVED 0.33 ugA. 3.0 

.wzo 14-Sep-M CADMIUM, DISSOLVED O.U UG.\. 3.0 
MW21P 17-e.c-113 CADMIUM, DISSOlVED < 0.3 ugA. 3.0 
MW21P 1 8-M•·M CADMIUM, DISSOLVED o.e& UQA. 3.0 
MW21P 1~~.n-M CADMIUM, DISSOLVED < 0.3 ugJL 3.0 
MW21P 14-Sep-M CADMIUM, DISSOLV!D < 0.3 UG.Il 3.0 
MW22P 11H>ec-lil3 CADMIUM, DISSOlVED < 0.3 u;ll 3.0 

MW22P 1'6-M•·N CADMIUM, DISSOLVED < 0.3 uc;l\. 3.0 

MW22P 1 ~~.n-14 CADMIUM, DISSOL. VED < 0.3 UQ!\. 3.0 
MW22P 14-Sep-14 CADMIUM, DISSOlVED < 0.3 UQ..\. 3.0 

MW20 11H>ec-U CHLORIDE 22 moil 370 

MW20 1 e-M•·I4 CHLORIDE 27 moil 370 

MW20 1 &-J~.n-M CHLORIDE 5. t mgl\. 370 

MW20 1 4·5ep-14 CHLORIDE 20MG.<. 370 
MW21P 17-e.c-U CHLORIDE 30 moil 370 
MW21P 1&-M•·I4 CHLORIDE 42 moil 370 
MW21P 1 ~~.n-M CHLORIDE ,. moil 370 

MW21P 1 4·Sep-M CHLORIDE 180 MG.\. 370 

MW22P 1 IH>ec-13 CHLORIDE ""moil 370 

MW22P 1 6-M•·M CHLORIDE 02 moil 370 
MW22P 1 ~M CHLORIDE 07 moil 370 

MW22P 14-s.p.M CHLORIDE fi3MGII. 370 

MW20 14-Sep-14 CHLOROFORM < 10 UGA. 

MW21P 14-s.p.iot CHLOROFORM < 10 UGII. 

MW22P 14-&.prfM CHLOROFORM < 10 UGA. 

MW20 1 fS-Oec..U CHROMIUM, DISSOlVED < 2u;A. 
MW20 1&-M•·M CHROMIUM, DISSOlVED < 2u;A. 
MW20 18-J'--14 CHROMIUM, DISSOLVED < 2u;A. 
MW20 14-Sep-14 CHROMIUM, DISSOlVED < 2UGA. 
MW21P 17-e.c-U CHROMIUM, DISSOlVED < 2u;A. 
MW21P 18-M•·iot CHROMIUM, DISSOLVED < 2u;A. 
MW21P 15-J~.n-14 CHROMIUM, DISSOLVED < 2u;A. 
MW21P 1 4-Sep-14 CHROMIUM, DISSOL VEO < 2UGA. 
MW22P te.-o.c-83 CHROMIUM, DISSOLVED < 2u;A. 
MW22P 16-M_..M CHROMIUM, DISSOLVED < 2u;A. 
MW22P 18-J~.n-IW CHROMIUM, DISSOlVED < 2u;A. 
MW22P 14-s.p.N CHROMIUM, DISSOLVED < 2 UGA. 
-...,oportlorw~ T..c 12 12 

'· of Btcll.;rOIId o.t.ctl bd 2 
,4, of 81Ckgreu'ld ~ In) 14 

Proportion of o.ttoet~~ N 0.14 
No, of Dowi"Ql.clienl o.t.ct. fyl 0 
No. of 0ow1'11gr.dlenl s.mp. lml 12 
Proportion of o.tect. CPdl 0.00 
Sutad-.:1 of Erfot 0.1041 

C:'PROJECTS\ASF\ASFOSH.wk.3: date 11-N0¥-84 
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WEU.lD. 

TMUEI 
COMPNUON Of DOWNCJRAOIEHT AAD IJPQIU.DIEHT QFIOUNDWAT&I. QUAUTY • &HAI.EWEIJ.S 

AMSIICAN &Tm. fOUNDRIEJI 
SSIFINO fAaUTY 

DATA~ RRST FOI.II. QUARTUUI 

RDUI.T UNITI UPP'&' II"' LOWS. 85"' 
CONADENCE UMIT CONRDENc'E L.IMIT EXCEEDAHCE1 

z St•tiatie [2J 

MW20 
MW20 
MW20 
MW20 
MW21P 
MW21P 
MW21P 
MW21P 
MW22P 
MW22P 
MW22P 
MW22P 
Proponiorw TNt 
No. of B~rOIIId o.t~ (.x;} 

18-0toc-93 COBAlT, DISSOLVED 
18-M•·I-4 COBALT. DISSOLVED 
1 &-JISI-i-4 COBALT, DISSOLVED 
u .. s.p.a.. COBAlT, DISSOLVED 
17-o.c-U COBALT, DISSOLVED 
18-M•·I-4 COBAlT, DISSOLVED 
18--JIIl-i-4 COBALT, DISSOLVED 
14-s.p.i-4 COBALT, DISSOLVED 
1&-0.c-113 COBALT, DISSOLVED 
16-M•·M COBALT, DISSOLVED 
1&-J...n-i-4 COBALT, DISSOLV£0 
14-s.p.M COBALT, DISSOlVED 

No. of B.ckQround S.,p!.J W 
Proportion of o.tecu N ~ ~ 

No. of 0-~r..:lient c.t:KtS lyl 
No. of Oowngr.dient s..mpM.t (m} 

Proportion of o.t~ (Pd) 

St.ndwd of Error 
ZStw.tic{Z) 

MW20 
MW20 
MW20 
MW21P 
MW21P 
MW21P 
MW22P 
MW22P 
',1;W22P 

'W20 
AW21P 

MW22P 

MW20 
MW20 
MW20 
MW20 
MW21P 
MW21P 
MW21P 
MW21P 
MW22P 
MW22P 
MW22P 
MW22P 
Proponlo.-.T.t 
No, of B.ek;rCU'Id o.teeu lxl 

1 ~113 CONDUCTANCE.. SPECIAC 
16-M•·IU CONDUCTANCE. SPECIFIC 
1 8-J~..n-M CONDUCTANCE. SPECIFIC 
17~113 CONDUCTANCE. SPECIAC 
18-M¥·1-4 CONDUCTANCE, SPECIAC 
1 &-J\SI-M CONDUCTANCE, SPEClRC 
18-0toc-U CONDUCT ANC£. SPECIRC 
16-Mw-M CONDUCTANCE. SPECIAC 
llhh,n·M CONDUCT .a.NCE. SPECIRC 
14·S."' CONDUCTANCE. SPECIRC 
14-s.p."' CONDUCTANCE, SP£CIRC 
14-s.p.."' CONDUCTANCE, SPECIAC 

1s-o.c-13 COPPER. DISSOLVED 
15-M•·i-4 COPPER, OISSOl VEO 
le-J\I'I"'N COPPER. DISSOLVED 
14-S.."' COPPER. DISSOLVED 
17-o.c-83 COPPER. DISSOLVED 
1 e-Mw·i-4 COPPER. DISSOLVED 
1&-J\1'1"'8-4 COPPER. DISSOLVED 
14--Sep-i-4 COPPER. DISSOLVED 
1 s-o.c-13 COPPER. DISSOLVED 
15-Mir·i-4 COPPER. DISSOLVED 
1&-J\1'1"'8-4 COPPER. DISSOLVED 
14-s.p-M COPPER. DISSOLVED 

No. of B.ek;roo.n:i Sam"* lnl 
PTC19011lon of Oet.eQI (Pu) 
No, of Downgrld*"': O.t.ct:. (y) 

No. of DowngredW!t S~ (m) 

PTC19011lon of O.U.CU. !Pdl 
St.-ld.-d of Error 
ZSt.a.tictzJ 

MW20 
MW21P 
MW22P 

MW20 
MW20 
MW20 
MW20 
MW21P 
MW21P 
MW21P 
MW21P 
\4W22P 

1W22P 
AW22P 
MW22P 

MW20 
MW20 

1s-o..;..U CYANIDE. TOTAL. 
17-o.c-U CYANIDE. TOTAL. 
te-o.c-83 CYANIDE. TOTAL. 

1 &-e.c-13 R.UORIOE 
1 &-M•·i-4 R.UORIOE 
1 8-JU"'-i-4 R.UORIOE 
14-S.M R.UORIOE 
17-o.c-13 R.UORIOE 
1 e-M•·i-4 R.UORIDE 
1 e-JI.ft-i-4 R.UORIDE 
14-s.p.M R.UORIOE 
1 s-o.c-t3 R.UORIOE 

16-M•·"' A.UORIOE 
1 e-JI.ft-i-4 R.UORIOE 
14-s.p.M R.UORIDE 

te.-o-.13 IRON, DISSOLVED 
1 e-M1r-M IRON, DISSOLVED 

C:\PROJECTS\ASF\ASFOSH.wlr..1; d-. 1 1-Nov·M 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

12 
I 

14 
0.07 

0 
12 

0.00 
0.0767 
0.1442 No Diftw.._ 

< 
< 
< 
< 
< 
< 
< 

< 
< 
< 
< 

11 

• 14 
0.38 

I 
12 

0.01 
0.1867 
1.&620 No om~ 

< 
< 
< 

< 

60ugA. 
60ugA. 
60ugA. 
60Uo.\. 

""""" """"" 60ugA. 
60 U<lA. 

""""" """"" """"" 60 U<lA. 
12 

2100 UMHOSICM 2681 
1860 UMHOSICM 2681 
1430 UMHOSICM 2581 
1800 UMHOSICM 2581 
1250 UMHOSICM 2681 
1820 UMHOSICM 2681 
2300 UMHOSICM 2681 
20'60 UMHOSICM 2681 
2370 UMHOSICM 2681 
1740 UMHOSICM 2681 
1140 UMHOSICM 2681 
1340 UMHOSICM 2 .. 1 

...... ...... ...... 
3 """-...... ...... ...... 

6.8UM ...... ...... ...... 
3Uo.\. 

12 

0.041 moll 
0.01 Jngl\. 
0.01 mg.-\. 

0.41 mg.-\. 2.0 
OAmoA. 2.0 
0.1 mg.1.. 2.0 

0.47 MGJL 2.0 
3.3 moJL 2.0 YES 

3.1 mol\. 2.0 YES 

3.1 mgA. 2.0 YES 

2.8 MGJL 2.0 YES ....... 2.0 YES 

10moA. 2.0 YES 

8.15 mgA. 2.0 YES 

8.&MGA 2.0 YES 

I:ZOOOugA. 3083& 
IIOOOugA. 30836 



T..,_.E2 
COMPAIIUON Of' OOWNGI".AC'EHT AND UPGf't.A.DIENT OROUNDWATB'II QUAUTY - &HAL.EWELUI 

AMB'IICAN &Tm. FOUNDRIES 

WELl.ID. 

MW20 
MW20 
MW21P 
MW21P 
MW21P 
MW21P 
MW22P 
MW22P 
MW22P 
MW22P 

MW20 
MW20 
MW20 
MW20 
MW21P 
MW21P 
MW21P 
MW21P 
MW22P 
MW22P 
MW22P 
MW22P 
Proporti- T..c 

1 5-JI.I'I--a.. IRON, DISSOlVED 
1 4-s.p.IM IRON, OISSOL vm 
17...C.C.I3 IRON, DISSOLVED 
18-Mw-IMIRON, DISSOLVED 
15-JIII--1-4 IRON. DISSOLVED 
14-s.-IM IRON, DISSOLVED 
16-o.c-113 IRON, DISSOLVED 
15-M•·t-4 IRON, DISSOLVED 
1&-Jl.rr"IM IRON, DISSOLVED 
14-Sep-8-4 IRON, DlSSOLVED 

te.-o.c-.83 LEAD, DISSOLVED 
11!1-M•·M LEAD, DISSOLVED 
1 e-Jln-M LEAD, OISSOL YEO 
14·S..a.4 LEAD, DISSOLVED 
17-o.c-113 LEAD, DISSOlVED 
18-M•-14 LEAD, OISSOLVID 
1 5-JI..I'I--M LEAD, OISSOL Ym 

. 14-s.c>-IM LEAD, DISSOLVED 
1~1:1 LEAD, DISSOLVED 
16-M•·IM LEAD, DISSOLVED 
15-Jln-IM LEAD, DISSOLVED 
14-s.p.M L.E.AD, DISSOlVED 

No. qf S.ckQrOI..ft:! o.t.ct. tx) 

No. of BKkgrCIU'lCI s..nP'M In) 

Proportion of O.t«:ta N 
No. of Oowngr~ o.tecW lyl 
No. of Oowngr..:liwlt ~ lm) 
Proportion of o.t.cu INI 
St.nd•d of Erfot 
z Stw.tic: (Z) 

MW20 
'W20 

Y20 
N20 

MW21P 
MW21P 
MW21P 
MW21P 
MW22P 
MW22P 
MW22P 
MW22P 

MW20 
MW20 
MW20 
MW20 
MW21P 
MW21P 
MW21P 
MW21P 
MW22P 
MW22P 
MW22P 
MW22P 
Proportior. T.-t 

te-o.c-U MANGANESE. Olssot.VED 
18-M•·IM MANGANESE. OJSSOlvm 
1 5-J~.n-8-4 MANGANESE. OISSOL VED 
14-s.p..N MANGANESE, DISSOLVED 
17..[)ec-.13 MANGANESE, DISSOLVED 
1~•·1-4 MANGANESE,. DISSOLVED 
1&·,h,r~N MANGANESE,. DISSOLVED 
14-Sep-M MANGANESE. DISSOLVED 
1~13 MANGANESE, DISSOLVED 
16-Mw·M MANClAHESE. DISSOLVED 
11hh.n-N MANGAN ESE. OISSOl VEO 
14-S.p-N MANGANESE. DISSOlVED 

1a-o.e-U MERCURY, DISSOlVED 
1~w·l4 MERCURY, DISSOlVED 
1&-J~.n-M MERCURY, DISSOLVED 
14·5"f>-14 MERCURY, DISSOlVED 
17-o.c-&3 MERCURY, DISSOLVED 
1&-M•·I4 MERCURY, DISSOlVED 
1&-J~.n-N MERCURY, DISSOLVED 
1o4-Sep-14 MERCURY, DISSOLVED 
1~3 MERCURY, DISSOLVED 
16-Mw·M MERCURY, DISSOLVED 
1&-.1\n-14 MERCURY, DISSOlVED 
1o4·S.p-14 MERCURY, DISSOLVED 

No. of BK~lgr--.d Detect. bd 
No. of Baclr.QrOU'"Id ~ lnJ 
ProportiQI"t of O.t.cts CPuJ 
No. of Dowr.;ud-. o.w.cts fyJ 
No. of Downgrtdicnt ~ (m) 

Proportion of o.tect11 (Pd) 

St.-d.-d of Error 
z St..wtic [2J 

MW20 
MW20 
MW20 
MW20 
MW21P 
MW21P 
~W21P 

N21P 
N22P 

MW22P 
MW22P 
MW22P 
Pr09«t!OIW T.-t 
No. of 8ec:ll4rOU'Id Octtect8 txl 

1&-o.c-U NICKEL. DISSOLVED 
1~•-M NICKEL. DISSOLVED 
le-J1.n-M NICKEL. DISSOLVED 
14-&.p-M NICKEL. DISSOLVED 
11-o.o-13 NICKEL. DiSSOLVED 
1&-M•·M NICKEl.. DISSOLVED 
1&-.J\n-14 NICKEl.. DISSOLVED 
14-s.p.M NICKEL, DISSOLVED 
1e.o.c-U NICKEl.. DISSOlVED 
16-M .... M NICKa.. DISSOLVED 
1 e-J""'"M NICK a,. DISSOLVED 
14-s.p..M NICKa.. DISSOLVED 

&BNNO FAaUTY 
DATA fftOM RMT FOIM OUARl'S\1 

""""" NSU.TUMT& 

< 100 """-
11000 UGA. 

< 100-
< 100-
< 100-

2300 UGA. 
630-

< 100-
< 100-

110 UGA. 

< ·-< ·-< ·-< 3 UGA 
< ·-< ·-< ·-< 3 UGA 
< ·-< ·-< ·-< 0 UGJL 

12 12 
0 ,. 

0.00 
0 

12 
0.00 

0.0000 
ERR No Olff....-..::. 

10000-
8200-

"""-8300 UGA 
37 ....... 
21-
30""" 
811 UGA. ......... 
18 """ 1.4 UQI\. 
22 UGA 

< 0.2 UQI\. 

< 0.2-
< 0.2""" 
< 0.2 UGA. 
< 0.2 """ 
< 0.2 ....... 
< 0.2 """ 
< 0.2UGA. 
< 0.2 ....... 
< 0.2 UQI\. 

< 0.2 UQI\. 

< 0.2 UGA. 
12 12 

0 
14 

0.00 
0 

12 
0.00 

0.0000 
ERR NoOiffw.-.. 

< 40""" 
< 40 ....... 
< 

40 """ < 40UGA 
< 

40 """ < 40""" 
< 40 ....... 
< o40UM 
< 40 ....... 
< 

40 """ < 40""" 
< 40UGA 

12 12 
2 

UPP9\ U% LOWS. il'i. 
CONAOENCE UMIT CONRO£Nc'E UMT EXCEEOAJiiCEl' 

30835 
30836 
30836 
30836 
30636 
30836 
30836 
30836 
30836 
30836 -

2748~U 
2748__.) OJ 

27-'B 
27o48-~l~ 
2748 
2748 
2748 
2748 
27o48 
2748 
2748 
27o48 



TABU! I::! 
COUPAIUON OF DOWNQRADlliNT AI'D \JIP'QIVJ)IDfr CII'IOUNDWATU!. OUAUTY ·IHALI WllJ,.,S 

AMiiAICAH &TEll FOUNDRIEI 

WEU.ID. 

No. of Baei<.Qrou-d SamP,. lnl 
Proportion of Det~ IPu) 

No. of Oowngrilldiwlt O.tecta lyl 
No. of Oowngudiwtt s.mp~.. lml 
Proportion of CHit~ rPdl 
St.-ndard of Error 
Z Stati.tie (Z) 

MW20 16-0.c-83 NITROGEN, NITRATE 

MW20 1 5-M•·Il4 NITROGEN, NITRATE 
MW20 1&-J~n-i-4 NITROGEN, NITRATE 

MW20 14-~i-4 NITROGEN, NITRATE 

MW21P 17..o.e-U NITROGEN, NITRATE 

MW21P 1 IJ.M•-i-4 NITROGEN, NITRATE 

MW21P 1 &-J~..n"i-4 NITROGEN, NITRATE 
MW21P 1-4-~liM NITROGEN, NITRATE 

MW22P te-o.c-11.3 NITROGEN, NITRATE 

MW22P 16-M•·IM NITROGEN, NITRATE 
MW22P 18-J~~t-IM NITROGEN, NITRATE 

MW22P 14-~M NITROGEN, NITRATE 

&BNNG FACIUTY 
DATA R'IOM FIUT fOI.JII QLlARTB\1 

PoESULT UNIT& 

,. 
0.14 

0 

" 0.00 
0.10-48 
1 .3821 No DCff.-.no. 

< 
< 

< 
< 
< 

< 
< 
< 
< 

0.06~ 
0.06 mGtl 

1.8 most' 
0.06 MGA. 
0.06 most 
0.06 mGA. 

0.2 mgA. 
0.66 MGA. 
0.06 most 
0.06 mgA. 
0.06 mot\. 
0.06 MGA. 

MW20 1&-e--83 PHENOUCS, TOTAL F\ECOVERABU < 0.01 rng.A. 

MW20 15-Mw·i-4 PHENOUCS, TOTAL. RECOVERABlE < 0.01 mgJ\. 

MW20 1 8-J~.n-IW PHENOUCS, TOT AI.. RECOV'ERASLf 0.01 mgA. 

MW20 14-s.p.SW PHENOUCS, TOTAL. AECOVERASLE 0.011 MG.\. 

MW21P 17-o.e-113 PHENOUCS, TOTAL. AECOVEAABU < 0.01 rngi\. 

MW21P 1&-M •• a. PHENOUCS, TOTAL RECOVERASLE < 0.01 m;A. 

MW21P 1&-JU"!-t-' PHENOUCS, TOTAL RECOVERABLE < 0.01 rngi\. 

MW21P 1 4·Sop-rM PHENOUCS, TOT AI.. RECOVEJV.,Slf 0.015 MGil 

MW22P 115-04c-113 PHENOUCS, TOTAL RECOVERASI.E < 0.01~ 

MW22P 16--M•·rM PHENOUCS, TOTAL FIECOVERA8LE < 0.01 mQI1. 

MW22P 18-JU"'-a. PHENOUCS, TOTAL RECOVERA81.E < 0.01 m;/1.. 

MW22P 1~.-Sop-14 PHENOUCS, TOTAL RECOV'ERABLE < 0.01 t.oiGA. 

AW20 
MW20 
MW20 
MW20 
MW21P 
MW21P 
MW21P 
MW21P 
MW22P 
MW22P 
MW22P 
MW22P 
PrOf)Orti- TMt 
No. of 8ack.QuM.nd O.U.CU txJ 

te-o.c-113 saENIUM, DISSOlVfD 
18-M•·a. SElENIUM, DISSOlVED 
1&-J~.no14 SElENIUM, DISSOlVED 
14-s.p-14 SElENIUM, DISSOlVED 
17-o.e-113 SElENIUM, DISSOlVED 
18-M•·a. SElENIUM, DISSOLVED 
1 IW~.norM SElENIUM, DISSOlVED 
14-Sep-114 SElENIUM, DISSOlVED 
1 15-04c-113 SElENIUM, DISSOLVED 
16-M•·M SElENIUM, DISSOLYm 
18-JU"!-IM SElENIUM, DISSOLVED 
14·Sep-8-4 SS.ENIUM, DISSOLVED 

No. of B.ckground ~ lnJ 
Proportion of DetecUI N 
No. of Oowngredi«w Detects ly) 
No. of Oowngredient s.mp&. lml 
Proportion of o.ueta: IPdl 
St.nd.,-d of Error 
Z S'tWWc CZl 

MW20 1 s-o.e-113 Sll VER. DISSOlVED 
MW20 1 15-M•·II-4 SilVER. DISSOLVED 
MW20 15-J~S~-M SILVER. DISSOLVED 
MW20 14-Sep-M SilVER. DISSOLVED 
MW21P 17-o.c-113 SILVER. DISSOLVED 
MW21P 1&-M•·II4 SILVER, DISSOLVED 
MW21P 1e-JLr~-i4 SILVER. DISSOlVED 
MW21P 14-Sep-M SilVER, DISSOLVED 
MW22P ts..o.e-113 SILVER., DISSOLVED 
MW22P 16-M•·M SILVER. DISSOLVED 
MW22P 18-JU"'-a. SILVER, DISSOLVED 
MW22P 14-Sep-M SILVER,. DISSOLVED 
Proporti- TNt 
No. of Beck;rOI..rod o.t.cu lx) 
No, of BKir.QrOI..rod Samp&. lnJ 
Proportion of Dfi•etl 1PW 
No. of Dowl'lgfedient O.acu lyl 
No. of Oowngredier,t s.mp. lm_l 

roportion of o.t.cu (Pd) 

.>"'tand•d of Error 
i Statistic CZl 

MW20 
MW20 

1&-0ec-113 SODIUM, DISSOlVED 
1 8-M•-M SODIUM, DISSOlVED 

C:\PROJECTS\ASf\ASFDSH.wk.3; data 11-NOY-t-4 

0 ,. 
0.00 

0 
12 

0.00 
0.0000 

< • uoA 
< 12 ugJ\. 

< • uoA 
< e uGA. 
< OugA 
< 12 u;A. 
< • uoA 
< e UG.\. 
< • uoA 
< 12 Ug/L 
< _3 ugA. 

< e uGA. 
12 12 

EM. No owt.nnoe 

< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 
< 

0 
14 

0.00 
0 

12 
0.00 

0.0000 
ERR 

12 

1 uoA 
1 uoA 
1 uoA 
1 UClA. 
1 uoA 
1 uoA 
1 uoA 
1 UGA. 
1 uoA 
1 uoA 
1 uoA 
1 UClA. 

12 

111000 uoA 
11000 uoA 

UPP9I 86% LOWER SUi% 
CONADENCE UM1T COHAOENeE UMlT EXCEEOAHCE1 

2.2-
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
,2.2 

0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 

212143 
212143 



TAOUE2 
COMPAIUON OF DOWNQliU.DW(T AND UPOIV.DIENT QAOUNDWATm QUAIJTY -IHALEWEl..Ui 

AMIHCAH ITm. FOUNDREI 
ISIAINQ FACIUTY 

DATA Fl'liOM ANT FOIAII QUART"'NN 

WEUID. DATE PARAME'T'B\ ""'""' PIBULT UNITI 

MW20 18-JI.I"'"U.. SODIUM, DISSOLVED .. oo ..... 
MW20 14-S.M SODIUM, DISSOLVED 11 0000 UGJ\. 
MW21P 17-o.e-113 SODIUM, DISSOLVED 200000ugA. 
MW21P 1 &-M•·M SODIUM, DISSOLVED 27000~ 

MW21P Hhh-IM SODIUM, DISSOLVED 330000ugA. 
MW21P 14-s.p.M SODIUM, DISSOlVED 340000 UGA. 
MW22P 1 e-o.e-83 SODIUM, OISSOL. YEO 470000 ugJl 

MW22P 16-M•·M SODIUM, DISSOLVED 470000 ugJl 
MW22P lf..JI.I"'"i-4 SODIUM, DISSOLVED 6BOOOOugA. 
MW22P 14·S.M SODIUM, DISSOLVED 600000 UGA. 

MW20 ls-o..c-113 SULFATE 870 moll 
MW20 18-Mw·M SULFATE 7110 moA. 
MW20 1&-.h.n-8-4 SULFATE 30 moA. 
MW20 14·Sep-M SUlFATE 760 MGA. 
MW21P 17-o.c-U SULFATE 400 moA. 
MW21P 18-Mw·i-4 SULFATE 470 moll 
MW21P 1 hh•,_IM SULFATE 330 moA. 
MW21P 14--s.p-8-4 SULFATE 470 MGA. 
MW22P 1 s.o.c:-113 SULFATE 330 moA. 
MW22P 1&-M•·fM SULFATE 340 moA. 
MW22P 18-Jln-M SUlFATE 320 moA. 
MW22P 14-S.14 SULFATE 

300 "'"" 

MW20 14-s.p.N SULAOE < 1 "'"" 
MW21P 14-s.p.M SUlRDE 1.3 MGA. 
MW22P u .. s.p..N SULAOE < 1 "'"" 
MW20 1 ~83 SULAOE. TOT AI. < 1 moA. 
MW20 1 8-M•·M SULADE. TOT AI. < 1 moA. 
MW20 18-JL»M SULAOE. TOTAL. 1.2 moA. 
MW21P 17-0ec-13 SUI..ADE. TOTAL < 1 moA. 
MW21P 1 8-Mat·M SULFIDE. TOT AI.. < 1 moA. 
MW21P 1 5-Jln-M SULAOE. TOT N.. 2 moA. 
',~W22P 1 e-o.c:-13 SULROE. TOT N.. 3.2 rngi\. 

N22P 1 6-Mat·M SULFIDE, TOT AI.. 1 moA. 
N22P 15-Jln-M SULROE. TOTAL. 1 .I rngi\. 

MW20 le-o.c-13 THALLIUM, DISSOLVED < 3 moA. 
MW21P 17-o.c:-13 THAWUM, DISSOLVED < 3 moA. 
MW22P 1e-o.c-U THAWUM, DISSOLVED < 3 moA. 

MW20 le-o.c-13 TIN, DISSOlVED < 600ugA. 
MW20 1&-M•·M TlN, DISSOLVED < 600ugA. 
MW20 15-JihM TIN, DISSOLYm < 600ugA. 
MW20 14-s.p..M TIN, DISSOlVED < 600 UGA. 
MW21P 17-0ec-13 TIN, DISSOLVED < 600ugA. 
MW21P 18-Mat•l4 TIN, OISSOL VED < 600ugA. 
MW21P 1 lhlln-14 TIN, DISSOLVED < 600ugA. 
MW21P 14-s.p..M TIN, DISSOLVED < 600 UGA. 
MW22P 1 e-o.c-U TIN, DISSOLVED < 600ugA. 
MW22P 16-Mat-14 TIN, DISSOLVED < 600ugA. 
MW22P 1 e-Jln-i-4 TIN, OISSOL VED < 600ugA. 
MW22P 1 4·Sirp-M TIN, OISSOl YEO < 600 UGA. 
PrOj)Q(tlOI'II Tut 12 12 
No. of BKXQrourd Det.a. lx} 0 
No. of Baek.grOt..l"d SatnpM.a tn) 1. 
PrOj)Q(tlon of o.tKt8 IPul 0.00 
No. of Oown;r.:liwlt o.t.et. tyl 0 
No. of Down;r.:liwll s..mp.. lml 12 
Proportion of O.tKtl £Pdl 0.00 
Stllndatd of &rot 0.0000 
Z St.u.tie 1Z1 ERR No Olffwtne8 

MW20 
MW20 
MW20 
MW20 
MW21P 
MW21P 
MW21P 
MW21P 
MW22P 
'4W22P 

N22P 
N22P 

MW20 
MW20 
MW20 

1 e-o.c-U TOT AI. ORGANIC CARBON AS NPOC 
1 e-Mat·N TOTAL ORGANIC CARBON AS NPOC 
1 &-JI.I"t-N TOT AI. ORGANIC CARBON AS NPOC 
14-s.p..N TOT AI. ORGANIC CARBON AS NPOC 
17-o.c:-13 TOTAL ORGANIC CARBON AS NPOC 
1 e-Mat·M TOT AI. ORGANIC CARSON AS NPOC 
1 lhllhl4 TOTAL ORGANIC CARSON AS NPOC 
14-s-.>14 TOTAL ORGANIC CARSON AS NPOC 
1&-0ec-13 TOTAL ORGANIC CARBON AS NPOC 
1 6-Mat·l4 TOT AI. ORGANIC CARBON AS NPOC 
1 hlln-14 TOT AI. ORGANIC CARBON AS NPOC 
14·S.M TOT AI.. ORGANIC CARBON AS NPOC 

1 I-Oec-113 TOT AI. ORGANIC HALIDES 
15-Mat·M TOTAL ORGANIC HAUOES 
11-JihM TOTAL ORGANIC HALIDES 

C:\PROJECTS\ASF"\ASFDSH.wlr.3; deto 1 1 -Hcw-64 

31 moA. 
••• rngi\. 

0.34 mgA 
7.8 MGJL 
1.8 rngi\. 
2.3 rngi\. 
2.4 rngi\. 
43 MGJL 
2.8 rngi\. 
2.4 rngi\. 
3.1 rngi\. 
25 MGA. 

...... 
30ugA. 
7.5~ 

lJPP£R 81% LOW~,811i .. 
CONADENCE UMIT CONADENC£ LIMIT EXCEED..uiC£1 

212143 
212143 
212143 YES 
212143 
212143 YES 
212143 YES 
212143 YES 
212143 YES 
212143 YES 
212143- YES 

1813 
1813 
1813 
1!113 
1813 
1!113 
1813 
1813 
1813 
1813 
1813 
1813 

3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 
3.2 

30 

" " 30 

" " " 30 

" " " 38 

62 
62 
62 

YES 



WELL ID. 

MW20 • 
MW21P 
MW21P 
MW21P 
MW21P 
MW22P 
MW22P 
MW22P 
MW22P 

MW20 
MW21P 
MW22P 

MW20 
MW20 
MW20 
MW20 
MW21P 
MW21P 
MW21P 
MW21P 
MW22P 
MW22P 
MW22P 
MW22P 

MW20 
MW20 
MW20 
MW21P 
MW21P 

'W21P 
W22P 

. ..iW22P 
MW22P 
MW20 
MW21P 
MW22P 

TA&UtEl 
COMPAI'UON OF DOWNQIIUJ:IreEHT AND Uf'QF\ADtEHT QAOUNrTWA.1'1iiR QUALJTY • &HAUWEU.I 

AMRCAN ITEB. FOUNDRIEII 
&aRINQ FAC1UTY 

DATA FROM FIR&T FOI.M QUAI'I'TER& 

DATEPAAAM£lllllli """"" RESULT UNITI UPPS\ a&% LOWER 115% 

CONADENCE UMlT CONRDENc!E UM4T 

14-s.p..M TOTAL ORGANIC HAJJDES 5.1 UGI\. 62 
17..o.c-113 TOTAL ORGANIC HALIDES """" 

., 
16--Mw·M TOTAL ORGANIC HALIDES < ...... 62 
HW~.n-M TOT.t.L ORGANIC HALIDES 8.2 ugi\. 62 
14-s.p.-M TOTAL ORGANIC HALIDES UUGI\. 62 
1~83 TOTAL ORGANIC HAUDES < ...... 62 
15-M•·M TOTAL ORGANIC HAUOES , ..... ., 
llhh.-8-4 TOTAl ORGANIC HALIDES 7.2 ..... 62 

14·Sa9-M TOTAL ORGANIC HAUOES 7.4 UGJI.. 62 

1&-o.c-113 VANADIUM, DISSOLVED < """"" 17-o.c-113 VANADIUM, DISSOLVED < """"" ta..o.c-513 VANADIUM, DISSOLVED < """"" 
lS..o.c-113 ZlNC, DISSOLVED < """"" 180 
1&-M•·i-4 ZINC, DISSOLVED < """"" 180 
1&-J~Xt-U ZINC, OISSCX.VEO < """"" ,.. 
U-s.p..M ZlNC, DISSOlVED 21 UaA. 180 
17-o.c-U ZINC, DISSOLVED < "'""" 180 
16-Mw·M ZlNC, DISSOLVED < "'""" 

,.. 
115-·.h-i-4 ZINC, DISSOLVED < "'""" 180 
14·s.-ll4 ZINC, DISSOLVED < 

20 """ 
,.. 

1~1i13 ZINC, DISSOLVED < 20 ..... 180 
15-Mw·M ZlNC, DISSOLVED < 20 ..... 180 
1&-,h.r~H ZINC, DISSOLVED < "'""" 160 
14-s..p..CM ZINC, DISSOLVED 36 UGJL 160 

1 e-o.c-u pH, A ao e.s su 0.7 2.0 

1 &-M•·I-4 pH, A aD 15.7 su 0.7 2.0 

16-J\XI-a-4 pH, AB.n 8.6 su 0.7 2.0 

17~83 pH, A flO 7.1 su 0.7 2.0 

18-M•·M pH, Fla..D 7 su 0.7 2.0 

16-J\XI-M pH, FIElD 7.6 su 0.7 2.0 

1 &-O.c-83 pH, FlaD 8.2 su 0.7 2.0 

16-M•-1-4 pH, FIEI..O 7.3 su 0.7 2.0 

1 &-J\XI-a-4 pH, F!B..D 8.1 su 0.7 2.0 

1 4-s.p-1-4 pH, A aD 1.6 su 0.7 2.0 

14-5"9-W pH, A aD 1.4 su 0.7 2.0 

14-~M pH, A aD 1.1 su 0.7 2.0 

C:\PROJECTS\ASF\ASFOSH.wk.3: dete 11-NOY·i-4 
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Table E-3 

Calculation of Tolerance Intervals 

For Sldegradlent Well MW-23 



TABLE E3 
CALCUlATION OF TOURANCE WTERVALS FOR SIOEGRADIENT SPOilS WBJ. MW-23 

AMERICAN STEEL FOUNDRIES 
SEBRJNG FACIUTY 

DATA FROM FtRST FOUR QUARTERS 

WoiNo. ..... -- - _ ..... 
-o( ........ a( Number of Pwo.nl:~ of .......... T·V..._ .._ .. ,. .._ .. ,. 

....... -- .... _ -- M- o-lo6on .,..,_.,. Confidonoo 

...V23 1 5-0.0.93 AUCAUNITY, HI CARBONATE 1eo moll '· 

...V23 18--M«-94 ALJ<AUNITY, BICARBONATE ee mgll 

...V23 18-..kn-a4 Al..KAUNITY, BICARBONATE 7tl mgll 
3 0 3 0% 100.87 42.16 7.866 423 

...V23 15--0.0.83 AUCAUNITY, CARBONATE < 20 moll 

...V23 18--M«·a4 AlXAUNITY, CARBONATE < 20 mgfl ,_, 1 &-.Jun-9-4 AlXAUNITY, CARBONATE < 20 moll 

lltoN23 14-&.p-M AI.KAUNITY, CARBONATE 34 MG/l 

• 3 1 76% 23.60 0.00 6.145 56 

Wi23 15-0.0.83 ANllMONY, DISSOLVED < 10 ug/l 

Wi23 1 ti-M«-94 ANTIMONY, DISSOLVED < 10 ugll 

...V23 18--Jun...94 ANTtMONY, DISSOlVED < 10 ugll ,_, 14-&.p-M ANTIMONY, DISSOLVED < 10 UG/L 

...V23 16--tHo-83 ARSENIC, DISSOLVED < 3 ug/l 

...V23 1 8--Mw·M ARSENIC, DISSOLVED < 3 ugll 

...V23 18--Jun-84 ARSENIC, DISSOLVED < 3 ug/l 

...V23 14-Sep-84 ARSENIC, DISSOLVED < JUG/l 

,_, 15-0.0..83 BANUM. DISSOLVED < 00 ugll 

...V23 1 S..M«·94 aAAtUM, DISSOLVED < 150 ugll 

Wi23 18--Jun..M BARIUM, DISSOLVED < &o uoll 

...V23 14--Sep-M BAfiUM, DISSOLVED < 150UG/l 

Wi23 16-0.0.113 BERYl.JJUM. DISSOLVED < • ugll 

...V23 15-0.0.U CADMIUM, DISSOLVED 0.7 ugll 

...V23 16-Mw·M CADMIUM, DISSOlVED 4.8 uoll 

...V23 18-Jun-94 CADMUM, DISSOLVED < 0.3 ug/l 

Wi23 14--Sep-M CADMIUM, DISSOLVED < 0.3 UGJL 

• 2 2 60% 1.48 1.81 6.146 10.8 

...V23 1 5-0.o-93 a-tl.ORIDE 2e moil 

...V23 1 8--Mw-94 CHLORIDE 240 moll 

...V23 18--Jun-94 CHLORIDE 87 moll 

...V23 14--Sep-94 CHLORIDE 240 MG/l 

• 0 • 0% 148.25 94.26 6.146 033 

...V23 1 4--&.p-94 CHl.OROFOAM < 10 UG/L 

...V23 15-0.0.93 CHROMUM, DISSOLVED < 2 uoll 

...V23 1ti·Mw·94 CHROMIUM, DISSOLVED < 2 uoll 

...V23 18-Jun-94 CHROMIUM, OISSotVED < 2 uoll 

...V23 14--Stop-94 CHROMIUM, DISSOLVED < 2 UG/l 

...V23 15-D.c-93 COBALT, DISSOLVED < 50 ug/L 

...V23 lti-Mw-94 COBALT, DISSOLVED < 50 ug/L 

...V23 1 ti-Jun-94 COBALT, DISSOlVED < 50 ug/L 

...V23 14-s.p.-94 COBALT, DISSOlVED < MUGJL 

...V23 1 &-O.C.93 CONDUCTANCE. SPECIFIC 2100 UMHOS!CM 

...V23 1 8-U.-94 CONDUCTANCE, SPECIAC 1300 UMHOS/CM 

...V23 18-Jun-94 CONDUCTANCE, SPECIFIC 1680 UMHOS/CM 

...V23 14--Sep-94 CONDUCTANCE, SPECIFIC 1071 UMHOS/CM 
4 0 4 0% 1612.75 383.99 5.145 3488 

...V23 1 5-0ec-93 COPPER. DISSOLVED < 3 ug/L 

...V23 1 8-M«·94 COPPER, otSSOI...VED < 3 ug/l 

C:\PROJECTS\ASF\M\IV23UG14.wk3; date 26·0ct-9o4. 



TABLE E3 
CALCULATION OF TOL£RA.NCE tNTERVALS FOR SIDEGRAotENT SPOH.S WBl. MW-23 

AMERICAN STER FOUNOFUES 
SEBRING FACM.ITY 

DATA FROM FIRST FOUR QUARTERS 

w .. No. Dolo -- - -Unit• Numt. of Numbw of Numt-r of ~ ... of .......... 
Dovlodon R-Ib Non-d.e:eot. o.leot• Non-dateot. M-

W/23 1 e-~94 COPPER. DISSOLVED < 3 uoll 
•·. 

W/23 14-Sep-H' COPPER. DISSOLVED < 3 UGIL 

W/23 16-0eo-93 CYANIDE. TOTAL 0,01 mgiL 

MW23 15-o.->93 R..UORIOE 0.22 mgll 

MW23 1 &-Mw·H R.UORIOE 0.12 mgll 

MW23 1 8-Jun.H R.UORIOE 0.15mgll 

MW23 14-S..,.M R.UORIOE 0.11 MG/l 

• 0 • 0% 0.15 0.04 

MW23 15-0.0..U IRON, DISSOLVED 11000 uoll 

MW23 1&-Mw·H IRON, OtSSOLVED 120 ug/l 

MW23 1 &-Jun-84 IRON, DISSOLVED 11000 uoll 

MW23 14-~M IRON, DISSOLVED 30000 UGIL 

• 0 • 0% 14530.00 10788.08 

MW23 15-0.0.fi3 LEAD, DISSOlVED < 3 uo1L 
MW23 1&-....,·M LEAD, DISSOLVED < 3 uo1L 
MW23 1 &-..Joo..M LEAD, DISSOLVED < 3 uoll 

MW23 14-&.p-H LEAD, DISSOLVED < 3 UGIL 

MW23 15-0eo-13 Mt.NGANESE, DISSOLVED ~200 ugll 
MW23 1 e-M-t-M IMNGANESE. DtSSOLVED 4-400 uo1L 
MW23 1&-.Joo-14 MANGANESE, DISSOLVED 4000 ug/L 

MW23 14-&ep.M MANGANESE. DISSOLVED 3700 UG/L 
4 0 • 0% 4325.00 682.82 

MW23 15-o.->13 MERCURY, DISSOLVED < 0.2 ugJl 

MW23 1 5-M«·M MERCURY, DISSOLVED < 0.2 ugll 

MW23 1&-Jun..M MERCURY, DISSOLVED < 0.2 ugll 

MW23 14-S..,.H MERCURY, DISSOLVED < 0.2 UG/l 

MW23 115-0.0.83 NICKfl.. DISSOLVED < 40 uo1L 
MW23 15-M«·H HICKfl.. DISSOLVED < 40 ugll 

MW23 18-..k.wt-M NICKEL. DISSOLVED < 40 ug!L 

MW23 14-s.p..M NICKEL. DISSOLVED < 40 UG/l 

MW23 15-0.0.13 NTROGEN, NITRA. TE < 0.06 mgll 

MW23 15-Mw·M NTROGEN, NITRA. TE 0.22 mg/l. 

MW23 11hJun.M NITROGEN, NITRATE < 0.05 mgll 

MW23 14-&.p-94 NTROGEN, NITRATE < 0.06 MG/L 

MW23 16-0.0.IJ3 PHENOUCS, TOTAl RECOVERABlE < 0.01 moll 
MW23 15-Mw-94 PHENOUCS, TOTAl RECOVERABLE < 0.01 mg/l 

MW23 1&-~94 PHENOUCS, TOTAl RECOVERABLE < 0.01 mg/L 

MW23 14--s.p..M PHENOUCS, TOTAl RECOVERABlE < 0.01 MGIL 

MW23 15-0.0.13 SElENIUM, DISSOLVED < 3 ug/l 

MW23 15-Mw·IM SElENIUM, DISSOLVED < 12 uoll 
MW23 1&-Jun-94 SElENIUM, DISSOLVED < 3 uoll 
MW23 14-&.p-94 SElENIUM. DISSOLVED < e UG/l 

MW23 15-0.0.93 SILVER. DISSOLVED < 1 uoll 
MW23 l.,_M.-94 SILVER. DISSOLVED < 1 ug/l 

MW23 HJ-Juo.IJ4 SilVER. DISSOLVED < 1 uoll 

W/23 14-Sep-94 SILVER. DISSOLVED < 1 UG/l 

C:\m0JECTS\ASF\MW23UG14.wk3; data 26-0ct-94 
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Can- """"""'-

5.146 0.37 

5.145 70035 

5.146 7221 



TABLE E3 
CALCUl.AllON OF TOLERANCE WTERVALS FOR SIDEGRADIENT SPOILS WEll MW-23 

AMERICAN STEB.. FOUNDRIES 
SEBRINO FACiliTY 

DATA FROM FIRST FOUR QUARTERS 

WoiNo. ""'" -- - _.. ....... - .. _ .. 
NurttM' of Pwo.tt-o- of .......... T-V.U. l.owwH% u,.p. .. % - .............. ""'- .............. ,._ ,_.,. Confidonoo Confidonoo 

M>N23 15-0.0..93 SQ[)fUM, OtSSOLVED -41000 ugll 

M>N23 15-M«-84 SOOIUM, DISSOLVED 12000 ug/l 

M>N23 1 5-~9-4 SODIUM, DISSOLVED 17000 ug/l 

I.ON23 14-8ep-i4 SODIUM. DISSOLVED 8800 UGJL 

• 0 • 0% 1g1oo.oo 12440.02 5.1-45 84733 

"""" 15-0.0.93 SUlfATE 1200 moll 

"""23 1 15-M«-94 SUlfATE 280 mg/L 

"""23 1 5-Jun-94 SULfATE 760 mg/L 

"""23 14-S.9o4 SULFATE 170 MG/l 

• 0 4 0% 000.00 409.21 6.145 2705 

Wo/23 14-S.94 SUL.AOE < 1 MG/l 

"""23 15-0.0.93 SUL.ADE, TOTAL < 1 mg/L 

M>N23 1 0-M--94 SUL.ADE,. TOTAL < 1 mg/L 

"""23 1 0-Jun-94 SULAOE. TOTAL < 1 mgll 

"""23 t&-o.c-93 THAWUM. DISSOLVED < 3 mgll 

M>N23 16-0.0..93 TlN, DISSOLVED < MO ugll 

..... 23 15-Mw-M TIN, DISSOLVED < 600 ugll 

M>N23 1 o-Jun.IM TlN, DISSOLVED < 600 ugll 

M>N23 14-&.p-IM TIN, DISSOLVED < &00 UG/L 

M>N23 15-0.0.93 TOTAL ORGANIC CARBON AS NPOC 1.1 mgll 

M>N23 15-M--M TOTAL ORGANIC CARBON AS NPOC 0.00 mg/1. 

M>N23 tfJ..Jun.H TOTAL ORGANIC CARBON AS NPOC 0.77 mgll 

M>N23 14-Sep-H TOTAL ORGANIC CARBON AS NPOC 1.2 MGJL 

• 0 • 0% 0.93 0.22 5.146 2.1 

...... 23 1 S-D.o-93 TOTAL ORGANIC HAUDeS < • ugll 

M>N23 15-M«-94 TOTAL ORGANIC HAUDeS < • ugll 

M>N23 15-Jun-94 TOTAL ORGANIC HAUDES 8.3 ug/L 

OlfN23 14-s.p-94 TOTAL ORGANIC HAUOES 11 UGIL 

M>N23 15-0.0.Ul VANADIUM, DISSOLVED < 60 ugfl 

"""" 16-0.0..83 ZINC, DISSOLVED < 20 ug/L 

M>N23 15-M--9-4 ZINC, DISSOLVED 21 ugfl 

"""" 1 8-Jun.M ZINC. DISSOLVED 40 uo/L 

M>N23 14-Sep-94 ZINC, DISSOLVED 69 UG/l 

• 1 3 26% 30.60 16.06 5.146 122 

M>N23 1 6-0.0..93 pH, ARD 0,9 su 

M>N23 15-M«-94 pH, ARD 3SU 

M>N23 1 8-Jun-94 pH, ARD 6.-4 su 

M>N23 14-Sep-84 pH, AElD 15.3 su 
4 0 4 0% 6.06 1.55 6.146 ·2.30814 13.8 

.. ;· 

C:\PROJECTS\ASf\MW23UG14.wk3; date 26-0ct-94 
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Table E·4 

Comparison of Downgradient and 

Sldegradlent Groundwater Quality • Spoils Wells 



TABlE .. 
COMPARISON Of DOWNGP.ADIEHT AND SIDECRA.DEHT GROUNDWATER QUAUTV ~ &POU WEU..I 

AMEJUCAH STm. FOUNDRIES 
&BRING FACUTY 

DATA FROM FIRST FO\M QUART'ERS 

WEUD. DATE PARAMET'Bl PREFIX RESULT UNfTB UPPER i5% 
CONFIDENCE LIMIT 

MW04A 18-0eoc>93 Al..KAL.JNITY, BICARBONATE 350 mg.ll 423 
MW04A 16-Mar-94 AUCAUNITY, BICARBONATE 480"""'" 423 
MW04A 1 (5...Jun...9<4 ALKAUNITY, BICARBONATE 460 mg.ll 423 
MW13 15-0.0.93 AL.KAUNITY, BICARBONATE 10"""'- 423 
MW13 15-M..-94 ALXAUNITY, BICARBONATE .. """'" 423 
MW13 15-Jun-94 AlKAUNITY, BICARBONATE 

42 """'" 
423 

MW21 1(5...0.0.93 Al.KAUNITY, BICARBONATE 3el0 mg.ll 423 
MW21 15-Mar-9-4 ALKAUNITY, BICARBONATE 360 mgiL 423 
MW21 17-Jurt-94 AlXAUNITY, BICARBONATE 360 mgiL 423 
MW22 15-0ec-93 ALKAUNITY, BICARBONATE 150 mgJL 423 
MW22 15-Ma--94 ALKALINITY, BICARBONATE 130 mgiL 423 
MW22 l&.Jt.K'I--94 Al.KAUNJTY, BICARBONATE 160 mgiL 423 

MW04A 15-0.0..93 AU(AIJNITY, CARBONATE < 20 """'" 55 
MW04A ls..Mc·!W AlXAUNITY, CARBONATE < 20 """'" 55 
MW04A 18-Jun-94 AUCAUNITY, CARBONATE < 20 """'" 55 
MW04A 14-s.p-9-4 Al.XA.UNITY, CARBONATE 420 MGIL 55 
MW13 lS:Oee-93 AL.KAUNITY, CARBONATE < 20 """'" 55 
MW13 1 5-Ma-·94 AlXAUNITY, CARBONATE < 20 """'" 

55 
MW13 16--Jun-94 Al.KAUNITY, CARBONATE < 20 """'" 

56 
MW13 14-Sep-94 AUCAUNITY, CARBONATE < 20 MG/1. 55 
MW21 1&-0.0.93 AL.KAUNITY, CARBONATE < 20 """'" 55 
MW21 1 5-M.-9-4 ALU.UNITY, CARBONATE < 20 """'" 

55 
MW21 17-Jun..M AUCAUNITY, CARBONATE < 20 """'" 

55 
MW21 1 4-&.p-94 ALXAUNITY, CARBONATE 360 MG/l 56 
MW22 1 5-[)ec..S3 AUCAUNITY, CARBONATE < 20 """'" 55 
MW22 15-Mw-94 Al.XAUNJTY, CARBONATE < 20.,.,. 56 
MW22 15-Jun-94 AL.KAUNITY, CARBONATE < 20 """'" 55 
MW22 14-Sep-94 AL..KAUNITY, CARBONATE 140 MG/1. 55 
Proportions T Mt 13 10 
No. of B.ck;found Detects lxJ , 
No. of Bac:kground ~- tnl • t>roportion of Detect. IPul 0.25 

0, of Oowngr.di.rt Detect. (y) 3 
.~o. of Downgrtldient ~ .. (mJ 10 
Proportion of Det.cta (Pd) 0.19 
St.wldwd of ErrOl' 0.22315 
Z Stati.tic (Z) 0.2795 No Diff•ene. 

MW04A 1&-.Doc--93 ANTIMONY, DISSOlVED 14 ugiL 
MW04A 1 5-Mw-94 ANTIMONY, DISSOLVED < 10 ugiL 
MW04A 1 15-Jun-94 ANTIMONY. DISSOLVED 11 ugiL 
MW04A 14-Sep-94 ANTIMONY, DISSOLVED < 10 UGJL 
MW13 15-0.C.93 ANTlMONY, DISSOLVED < 3 ugiL 
MW13 1 5-M.-94 ANTIMONY, DISSOLVED < 10 ugiL 
MW13 15-Jun-94 ANTIMONY, DISSOLVED 12ugll 
MW13 14-~a-4 ANTlMONY, DISSOLVED < 10 UGJL 

MW21 1 e-o.c-93 ANTIMONY, DISSOLVED < 10 ugiL 
MW21 1 s-.M.-9-4 ANTIMONY, DISSOLVED < 10 ugiL 
MW21 1 7-Jun-9-4 ANT1MdNY, DISSOLVED < 10 ugiL 
MW21 14-Sep-94 AHTlMONY, DISSOLVED < 10 UGJL 

MW22 1 5-D.e-93 ANTIMONY, OtSSOLVED < 10 ugiL 
MW22 15-M--94 ANTIMONY, DISSOlVED < 10 ugiL 
MW22 15-Jun-9-4 ANTIMONY, DISSOLVED < 10 ugiL 
MW22 14-&.p-9-4 ANTlMONY, DISSOlVED < 10 UG/l 

MW04A 1 15-Doc--93 ARSENIC, DISSOLVED 3.5 ugiL 
MW04A 1 5-Mw-9-4 ARSENIC, DISSOLVED < 3 ugiL 
MW04A 1 15-Jun-94 ARSENIC. DISSOLVED < 3 ugiL 
MW04A 14-&.p-9-4 ARSEMC, DISSOLVED < 3 UGII. 
MW13 15-Doc--93 ARSENIC, DISSOLVED < 10 ugiL 
MW13 15-M.-94 ARSENIC, DtSSOLVED < 3 ugiL 
MW13 1 5-Jun-94 ARSENIC, DISSOLVED < 3 ugiL 
MW13 14-Sep-9-4 ARSENIC, DISSOLVED < 3 UGII. 
MW21 1 15-Doc--93 ARSENIC, DISSOLVED •.• ugiL 
MW21 15-Mw-94 ARSENIC, DtSSOLVED •.• ugiL 
MW21 17-Jun..94 ARSENIC, DISSOLVED ••• ugiL 
MW21 14-s.p-94 ARSENIC, DISSOLVED 7.8 UGJL 
MW22 15-0.0.93 ARSENIC, DISSOLVED < 3 ugiL 
MW22 15-Mw-94 ARSENIC, DISSOLVED 5.5 ugiL 
- '!'N22 1 !1-.Nn-94 AASfMC, DISSOLVED < 3uql1. 

.W22 14-s.p..B-4 ARSfNIC, DISSOLVED < 3 UGII. 

MW04A 1 15-0.C.Ql BARIUM, DISSOLVED < 50 ugiL 
MW04A 1 5-M.-94 BARIUM, DISSOLVED < 50 ugiL 

MW04A 1 8-Jun-94 BARIUM, DISSOLVED < 50 ugiL 

ASFOGSPO.wU; d.te 1 1-Nov-M 

' LOWER 15% 
CONROENCE LIMIT EXCEEDANCE? 

YES 
YES 

YES 

YES 

YES 



WEll"· 

WNV04A 
M\N13 
WNV13 
WNV13 
WNV13 
WNV21 
MW21 
WNV21 
MW21 
MW22 
MW22 
MW22 
W/22 

MW04A 
MW13 
MW21 
MW22 

WNV04A 
MW04A 
MW04A 
MW04A 
WNV13 
MW13 
MW13 
MW13 
MW21 
MW21 
W/21 
MW21 
MW22 

'W22 
¥22 

.N22 

MW04A 
M\N04A 
MW04A 
MW04A 
MW13 
MW13 
MN13 
MW13 
MW21 
MW21 
MW21 
MW21 
MW22 
MW22 
MW22 
MW22 

MW13 
MW21 
MN22 

MN04A 
MN04A 
MN04A 
MN04A 
MN13 
MN13 
MN13 
MN13 
"'-"21 
MN21 
MN21 
MN21 
MN22 
MN22 

'V22 
V22 

MN04A 
. MN04A 

MN04A 

TABlE E4 
COMPARISON OF OOYINGRADIENT AND SI>EGRADIENT GROUNDWATER QUA.UTY • SPOI.S WEl.LS 

AUEJVCAN SlEB. FOUNDRIES 
IBRJNQ FACI.JTY 

~TAAOM~T~Q~ 

DA TC PARAMETBI POERX RESUI.. T I.INrT1I UPPER 16% 
CONADENCE IJYIT 

14-:s.p-94 BA.F;UM, DISSOLVED < 50 UGA. 
15-0.0.93 BARIUM. DtSSOLVED < 50 uoil. 
15-M.-&4 BARIUM, DtSSOlVED < 50 uoil. 
15-Jun-9-4 BARIUM, DISSOLVED < 50 uoil. 
14-Sep..94 BAFVUM, DISSOLVED < 50 UG/1. 
1 15-0.c-93 BARIUM, DISSOLVED < 50 uoil. 
15-Ma-·94 BARIUM. DISSOLVED < 50 uoil. 
17-Jun--94 BARIUM, DISSOLVED < 50 uoil. 
14-&.p-8-4 BARIUM, DISSOLVED < 50UG/l 
1 5-D~~e-93 BARIUM, DISSOLVED < 50 uoil. 
15-M.-94 BARIUM, DISSOLVED < 50 uoil. 
15-Jun-94 BARIUM, DISSOLVED < 50 uoil. 
14-s.p.Q.C. BARIUM. DISSOLVED < 50UGJL 

1 15-0.C.93 BERYU.JUM, DISSOLVED < 5 uoil. 
15-0.0.93 BERYLUUM, OISSOL VED < 5 uoil. 
115-0.C.93 BERYU.JUM, DISSOLVED < 5 uoil. 
1 S.::Oec-93 BERYlliUM. DISSOLVED < 5 uoil. 

115-0.0.93 CADf..tUM, DISSOLVED < 0.3 uoil. 10.8 
15-M&-·94 CADMIUM. DISSOLVED 0.67 ugJl 10.8 
115-Jun-94 CAOMUM, DISSOLVED < 0.3 uoil. 10.8 
14-:s.p-94 CADMIUM, DISSOLVED < 0.3 UG/1. 10.8 
15-0«;-93 CA.DMUM, DISSOL YEO o.se ug11.. 10.8 
1 5-M..-94 CADUUM. DISSOLVED 4.3 uoil. 10.8 
15-J~94 CADf.AUM, DISSOL YEO 2.3 uoil. 10.8 
14-Sep..&4 CADUUM, DISSOLVED o.9e UG/L 10.8 
115-0.0.93 CADUUM. DISSOLVED 0.32 ugll 10.8 
1 5-M..-94 CADf.AUM, OISSOL VED < 0.3 uoil. 10.8 
17-Jun..!:M CAOMUM, DISSOLVED < 0.3 uoil. 10.8 
14-&.p-94 CAot.IUM, DISSOLVED 0.35 UG/L 10.8 
1 5-0.0.93 CADMIUM, DISSOLVED < 0.3 uoil. 10.8 
15-Met-94 c.tUWIUM, DISSOLVED < 0.3 uoil. 10.8 
15-Jun-94 CAOMUM, DISSOLVED < 0.3 ugiL. 10.8 
14-Sep..94 CA.DMUM, DISSOLVED < 0.3 UG/l 10.8 

115-0.C.93 Cl.ORIDE ... mgll. 633 
15-M..-94 Q-U.OfUOE 15 mgll. 633 
1 e-Jun-94 OilORIDE 8.5 mgll. 033 
1 4-s.p..s-4 CHLORIDE 11 t.4GII. 033 
15-0K-93 CHLORIDE 50 mgll. 033 
15-M.-9-4 Oil.ORIDE 45 mgll. 633 
1 5-Jun-94 CHLORIDE 09mgll. 633 
1 4-s.p-94 CHLORIDE 78 t.4GII. 633 
115-0.0.93 Q-ILORIDE 52mgll. 033 
15-.... ·&-4 Oil.OAIDE .. mgll. 633 
17-.k.n-&4 Q;LORIOE 42 mgll. 633 
14-s.p..94 CHLORIDE 00 t.4GII. 633 
15-o.c-93 a-tlORIDE 34 mgll. 633 
15-M--·94 Oil.DRIDE .. mgll. 033 
15-Jun-94 QiLORIOE 42 mgll. 033 
1 4-s.p-9-4 CHLORIDE 33t.4GII. 633 

1~94 OILOROFORM < 10 UG!l. 
1 4-Sep..94 CHLOROFORM < 10 UGJL 
1 4-s.p..94 Oil.OROFORM < 10 UGJL 

1 8-0.C.93 CHROf.IUM, DISSOLVED < 2 uoil. 
1 5-Mar-94 Q-IROMUM, DISSOLVED < 2 uoil. 
1 e-~9-4 OIROMUM, D4SSOLVED < 2 uoil. 
14-Sep-9-4 CHROMUM, DISSOLVED < 2UG!l. 
15-0.0.93 CHAOMUM, DISSOLVED < 2 uoil. 
15-M--·94 CHROMUM, DISSOLVED < 2 uoil. 
16-Juo-94 OiROMIUM, OtSSOLVEO < 2 uoil. 
14-Sep-94 CHROMUM, OISSOLVED < 2UG!l. 
1 15-0eo-93 Q-IAOMIUM, DISSOLVED < 2 uoil. 
16-Mar-94 CHROMIUM, DISSOLVED < 2 uoil. 
17~94 CHROMIUM. DISSOlVED < 2 uoil. 
14-Sep-94 Q-IROMUM, DISSOLVED < 2UG!l. 
1 5-o.o-93 CHROMIUM, ~SSOlVED < 2 uoil. 
1 5-Mw-94 CHROMUM, DISSOLVED < 2 uoil. 
15-Jun-9<4 OiROMUM, DISSOLVED < 2 uoil. 
14-&.p-9-4 CHROMUM, DISSOLVED < 2 UG!l. 

1 8-~93 COBALT, OISSOlVED 00 uoil. 
15-Ma-·94 COBALT, OISSOLVED 72 uoil. 
1&-Jun..H COBALT, DISSOLVED e3 uoJI. 

Asr:ocSPO.wkJ; data 11-Nov-94 
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TABLE E4 
COMPAR1SON Of DOWNGRADENT AND &I>EQRADENT GROUNDWATER QUALITY • SPOU WEl..LS 

AIIENCAN &TEB. FOUNDNEI 
aauuNG FACUTY 

DATA FROM FNT FOUR QlJARTERI 

DATE PARAMETER """""' RESULT UNITS uPPER 95% 
CONFIDENCE UMrT 

14-Sep-9-4 COBALT, [)(SSOLVED < 50UGIL 
15-0.C-93 COBALT. [){SSOI.VED 120 ugll 
15-M..-9-4 COBALT, DISSOLVED \00 ugiL 
15-Jun-94 COBAlT, DISSOLVED 130 ugiL 
14-~94 COBAlT, DISSOLVED 110UGJL 
16-0.0.93 COBALT, DISSOlVED < 50 ugiL 
15-M..-94 COBALT, DISSOLVED < 50 ugiL 
17-Jun-94 COBALT, DISSOlVED < 50 ugiL 
14-Sep-94 COBAlT, DISSOLVED < 50 UGIL 
15-0.0.93 COBAlT, DISSOLVED < 50 ugiL 
15-Maf·94 COBAlT, DISSOLVED < 50 ugiL 
15-Jun-9-4 COBALT, DISSOLVED < 50 ugiL 
14-Sep-94 COBALT, DISSOlVED < 50 UG/l. 

1 6-0.C-93 CONDUCTANCE. SP£C1AC 2100 UtdiOS/CM 3488 
15-M.-94 CONDUCTANCE, SPECIAC 1 tl90 UM-iOS/CM 3488 
1 6-Jun-.94 CONDUCTANCE. SPEOAC 1890 UMHOSJCM 34S8 
1 5-0.0.93 CONDUCTANCE. SPEOAC 2000 UMHOSICM 3488 
15-..W-94 CONDUCTANCE. SPEOAC 1790 Ur.t-iOSJCM 3488 
15-Jun-94 CONDUCTANCE. SPEOAC 2050 UM-iOSICM 3488 
16-0.0.93 CONDUCTANCE, SPEOAC 2700 Ur.t-iOS/CM 3488 
1 5-M.-9-4 CONDUCTANCE, SPEOAC 2620 UMHOSICM 3488 
17-Jun-94 CONDUCTANCE, SPEOAC 2600 Uf.MOS/CM 3488 
1 5-0.o-93 CONDUCTANCE. SPECAC 1 500 UMHOS/Ooll 3488 
15-M..-9-4 CONDUCTANCE, SPEClAC 1 060 UJ..t-tOSJCM 3488 
1 5-Jun-94 CONDUCTANCE, SPEOAC 1340 UPMOSICM 3488 

1 6-0eo-93 COPPER, DISSOI. YEO Hugll 
15-..W-9-4 COPPER. DISSOl VEO < 3 ugiL 
1 6-Jun-94 COPPER. rnSSOL VED < 3 ugiL 
14-Sep-9-4 COPPER. DISSOLVED < 3UGJL 
15-0.C.93 COPPER. DISSOlVED < 3 ugiL 
15-..W-9-4 COPPER. DISSOLVED < 3 ugiL 
1 5-Jun-9-4 COPPER. DISSOLVED < 3 ugiL 
14-Sep-94 COPPER. DISSOLVED < 3 UGJL 
1 6-0~·93 COPPER. DISSOLVED < 3 ugiL 
1 5-..W-9-4 COPPER. DISSOLVED < 3 ugiL 
1 7-Jun-9-4 COPPER. DtSSOLVEO < 3 ugiL 
14-Sep-9-4 COPPER, DtSSOL VED < 3 UGJL 
1 5-0.0.93 COPPER, DISSOL VEO < 3 ugiL 
15-M.-·94 COPPER. DISSOLVED < 0.3 ugiL 
15-Jun-.94 COPPER, OISSOL VEO < 3 ugiL 
1 4-s.p-94 COPPER. DISSOLVED < 3 UGJL 

1 6-0.C.93 CYANIDE, TOTAL < 0.0\ mg/1. 
15-0.0.93 CYANIDE. TOTAL < 0.01 mgJl 

16-0.0.93 CYANIDE. TOTAL < 0.01 mgll.. 
1S.O.C.93 CYANIDE. TOTAL < 0.01 mg1l 

18-0.0.93 R.UOfUDE 0.17 m;/1. 0.37 
1 S---M.-9-4 R.UORIOE 0.17 mg1l 0.37 
1 8-Jun-&4 R.UORIDE 0.2 mg/1. 0.37 

14-Sef>-:94 flUORiDE 0.24 MG/1... 0.37 
1 S.0.0.93 flUORIDE o.3e mgJL 0.37 

1 S.M.-94 FlUORIDE 0.38 mgJL 0.37 
15-Jun-94 R..UORIOE 0.84 mg!L 0.37 

1 4-Sep-94 R.UORIDE 0.88 MGJL 0.37 

1 6-0.0.93 R.UORIOE 0.49 mgll.. 0.37 

1 5-M..-94 flUORIDE 0.55 ~ll 0.37 

17·Jun-94 R.UOPJOE 0.85 mg/1. 0.37 

14-Sep-94 R.UORIDE o.ee MGJL 0.37 

1 S.O.C.93 R.UORIOE 0.45 mg1l 0.37 

15-M.-94 R.UORIOE o.ee mgJL 0.37 

15-Jun-94 R.UORIOE 0.5 mg/1. 0.37 

14-s.p-9-4 FLUORIDE o.e MG/1.. 0.37 

1 6-0.c--93 IRON, DISSOLVED 30000 ugiL 70035 

15-Mar-94 IRON, DISSOlVED \4000 ugiL 70035 

16-Jun-94 IRON, DISSOLVED \8000 ugiL 7003!5 

14-s.p-9-4 IRON, DISSOLVED 4900 UGJL 70035 

15-0.C.93 IRON, DISSOLVED 32000 ugJl 70035 

15-M.-94 IRON, otSSOLVED 27000 ugiL 70035 

1 S.Jun-9-4 IRON, [)(SSOI..VEO 24000 ugiL 70035 

14-Sep-94 IRON, OISSOLVED 30000 UGJL 70035 

16-0.0.83 IRON, DISSOLVED 35000 ugJl 70035 

1 5-M..-94 IRON, DISSOLVED 34000 ugiL 70035 

17·Jun..94 IRON. DISSOLVED 36000 ugJl 70035 

ASFOGSPO.wU; dat• 1 1-Nov-94 
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TABI.E E4 
COMPARISON Of DOWNGRADENT A.HD SI>EGRADIEHT GROUNDWATER QUALITY • &POLl WaJ..S 

AMERICAN ITEB. FOUHDNES 
saRIHG FACIJTY 

~TAAOMRUT~QwumBW 

DATE PARA MET'S!. """""' RESI..t.T IJN1'$ UPPER $5% 
CONFIDENCE UMIT 

14-~94 IRON. DISSOLVED 35000 UG/L 70035 
15-D.c-93 IRON, DISSOLVED 1BOOO ugll 70035 
15-M.-94 IRON, DISSOLVED 15000 ugA. 70035 
1 5-Ju~94 IRON, DISSOLVED 17000 ugll 70035 
1-4-Sep-94 IRON, DISSOLVED 17000 UGJL 70035 

1 B-D.c-93 l£AD, DISSOLVED < 3 uoiL 
1 5-Mar-94 LEAD, DISSOLVED < 3 uoiL 
18-Jun-94 LEAD. DISSOLVED < 3 uoiL 
1 o4-8.p-94 lEAD, DISSOLVED < 3 UG!l 
15-D.c-93 lEAD, DISSOLVED < 3 uoiL 
15-M.-94 LEAD. DISSOLVED < 3 uoiL 
15-Jun.-94 LEAD, DISSOLVED < 3 uoiL 
14-&.p-94 I.£A.O, DISSOLVED < 3 UGIL. 
16-0.0.93 LEAD, DISSOLVED < 3 uoiL 
15-Mar-94l£AD, DISSOLVED < 3 uoiL 
17-Jun-94 LEAD, DISSOLVED < 3 uoiL 
1 4-'s.p-94 LEAD, OISSOL VEO < 3 UG!l 
15-0.o-93 LEAD, DISSOLVED < 3 uoiL 
1 5-M..-&4 LEAD, DfSSOLVED < 3 uoiL 
15-Jun-94 LEAD, DISSOlVED < 3 uoiL 
14-Sep-94 LEAD, DISSOlVED < 3UG!l 

1 e-oeo-93 MANGANESE, DISSOlVED 7800 uoiL 7221 
15-Mar-94 MANGANESE. DISSOLVED B200 ugJL 72.21 
1 8-Jun-94 MANGANESE. DISSOlVED 5500 ugJl 7221 
1 4-~94 MANGANESE. DISSOL. YEO 4000 UG!l 7221 
15-0.0.93 MANGANESE, DISSOlVED 13000 ugll 7221 
15-Mw-94 MANGANESE. DISSOlVED 11000 ugiL. 72.21 
1 5-Jun-94 MANGANESE, DISSOLVED 15000 u;t\. 7221 
14-s.p-94 MANGANESE, DISSOLVED 12000 UGJL 7221 
1 8-D.c-93 MANGANESE, DISSOL VEO 13000 ugll 7221 
1 5-Mar-&4 MANGANESE. DISSOLVED 11000 ugll 7221 
17-Jun-94 MANGANESE, rnssOLVED 14000 uoiL 7221 
14-s.p-94 MANGANESE, DISSOLVED 10000 UGJL 7221 
1 5-0.0.93 MANGANESE, OISSOL VED 8000 uoiL 7221 
15-Mar-94 MANGANESE. DISSOLVED 5900 ugll 7221 
1 5-Jun-94 MANGANESE, OISSOL YEO 0000 uoiL 7221 
1 4-Sep-94 ·MANGANESE. DISSOL. VED 5500 UG/L 7221 

18-0.0.93 t.£RCURY, DISSOLVED < 0.2 uoiL 
15-M.--94 MERCURY, DISSOLVED < 0.2 uoiL 
1 0-.h.n-94 M:RCURY, DISSOlVED < 0.2 uoiL 
14-Sep-94 MERCURY, OISSOl VED < 0.2 UGJI.. 
15-0.o-93 MERCURY, DISSOLVED < 0.2 uoiL 
15-Mat-&4 MERCURY, DISSOLVED < 0.2 uoiL 
1 5-.k.n-94 MERCURY, O!SSOLVED < 0.2 uoiL 
1~Sep-&4 MERCURY, O!SSOLVED < 0.2 UGIL 
18-0.0.93 MERCURY, DISSOLVED < 0.2 uoiL 
15-Mat-94 MERCURY, O!SSOLVED < 0.2 uoiL 
17-Jun-94 MERCURY, O!SSOLVEO < 0.2 uoiL 
14-s.p-94 MERCURY, DISSOLVED < 0.2 UGIL 
15-D.c-93 MERCURY, DISSOLVED < 0.2 uoiL 
15-Mit-94 MERCURY, OISSOL YEO < 0.2 uoiL 
15-Jun-94 M::ACURY, DISSOLVED < 0.2 uoiL 
1-4-s.p-94 MERCURY, DISSOLVED < 0.2 UGJI.. 

1 B-0.0.93 ~CKB... DISSOLVED 82 uoiL 
15-M---&4 NICXB.. DISSOlVED 79 uoiL 
1&-Jun-94 NICKB... DISSOLVED 59 uoiL 
14-s.p-94 NICKB.... DISSOlVED < 40 UG!l 
15-D.c-93 NICK.B... DISSOLVED 1 eo ug11.. 
15-M.-94 NICXEL DISSOLVED 150 ugJl 
15-Jun-94 NICKEL DISSOLVED 210 ugJl 
14-8.p-&4 NICKEL DISSOLVED 1BO UGJL 
1 B-D.c:-93 NICKEL DtSSOLVED < 40 uoiL 
15-Mw-94 NlCKEL. Ol.SSOLVED < 40 uoiL 
17-Jun-94 NICKEL DISSOLVED < 40 uoiL 
14-Sep-94 NICKEL. DISSOLVED < 40UGIL 

15-D.o-93 NICKEL. DISSOLVED 4-<uo/l. 
1 5-Mat-94 NICKEl. DISSOlVED < 40 uoiL 
15-Jun-94 NICKa.. DISSOLVED < 40 uoiL 
14-s.p-94 NICKEL DISSOLVED < 40UGJL 

1 B-D.o-93 NITROGEN, NITRATE < 0.05 mgll 

1 5-Mat-94 NITROGEN, NITRATE < 0.5 mgll 

1 8-...lun-9-4 NITROGEN. NITRATE < 0.05 mgll 

ASFDGSPO.wic.J; dat• 1 1-Nov-94 
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TAll£ E4 
COMPAIUSON Of DOWNGRADENT AMJ SDEGRADIENT GROUNDWATER Q.UALITY • SPOU 'NEl.l..S 

AMERICAN STEB. FOUNDRIES 
SEBRING FACI.JTY 

DATA AlOII FIRST FOUR Q.I.JART'ERS 

DATE PARAIIETER PR£RX RESULT UNITS UPPER 115% 
CONFIDENCE UWIT 

1 4-s.p.~ MTROGEH, NITRATE < 0.05 MGIL 
1 5-0.o-93 NITROGEN. NITRATE < 0.05 mgll 
1 5-Mar-94 NITROGEN, NITRATE < 0.05 mgll. 
1 S.Jun-94 NITROGEN, NITRATE < 0.05 mgll. 
14-S~S4 NITROGEN, NITRATE < 0.05 MGIL 
1 6-D.c-93 NITROGEN, NITRATE < 0.05 mgll 
15-M.-94 NITROGEN, NITRATE < 0.05 mgll 

1 7·Jun-S4 NITROGEN, NITRATE < 0.05 m;JL 
1 4-s.p-94 NITROGEN, NITRATE < 0.05 MGJL 
1 5-Dec-93 NITROGEN, NITRATE < 0.05 mgll. 
15-Mar-94 NITROGEN, NITRATE < 0.05 mgll. 
15-Jun-94 NITROGEN, NITRATE < 0.05 m;ll 
1 4-Sej>94 NITROGEN, NITRATE < 0.06 MG/l 

1 0-Dec-93 PHENOUCS, TOTAL RECOVERABLE 0.013 mgll 
15-Mw-94 PHENOUCS, TOTAL RECOVERABlE < 0.01 mgll 
1 8-Jun-94 PHENOUCS, TOTAL RECOVERABLE < 0.01 mgJl 
1..,-:s.p-94 PHENOUCS, TOTAL RECOVERABlE < 0.01 MGJl. 
15-0.c-93 PHENOUCS, TOTAl RECOVERABI..E < 0.01 rngJL 
15-Mw-94 PHENOUCS, TOTAL RECOVERABlE 0.012 "'9l'l 
1 6-Jun-94 PHENOUCS, TOTAl RECOVERABlE O.o2 mgll. 
14-Sep-94 PHENOUCS, TOTAL RECOVERABlE < 0.01 MGIL 
1 8-0~·93 PHENOUCS, TOTAL R£COVERABlf < 0.01 rr.oJl 
1 5-Mw-9-4 PHENOUCS, TOTAl RECOVERABlE < 0.01 mgJL 

17·Jun-94 PHENOUCS, TOTAL RECOVERABlE < 0,01 mgJl 

14-~94 PHENOUCS, TOTAl RECOVERABlE < 0.01 MGJL 
15-0.c-93 PHENOUCS, TOTAL RECOVERABlE < 0.01 moll 
15-Mw-94 PHENOUCS, TOTAL RECOVERABlE < 0.01 mgll. 
15-Jun-94 PHENOLICS, TOTAL RECOVERABlE 0.011 mgll 

14-s.p-&4 PHENOUCS, TOTAL RECOVERABlE 0.012 MGA. 

16-0.0.93 SElENIUM. DISSOLVED < 3 ugJI. 

15-Ma-·&4 SElENIUM, DISSOLVED < 12 ugJI. 

1 &-Jun-94 SELENIUM. DISSOLVED < 3 ugJI. 

14-s.p-94 SElENIUM. DISSOLVED < 0 UGJI. 
1 5-0.c-93 SElENIUM, OISSOL VEO < 3 ugJI. 

15-M.--94 SElENIUM, DISSOlVED < 12 ugJI. 

15-Jun-&4 SELENIUM. DISSOLVED < • uo!l. 
14-Sep-94 SELENIUM. DISSOl VEO < 0 UGJI. 
1 ~0.C.93 sa.ENIUM. DtSSOl VED < 3 ugJI. 

15-Mw-94 SElfNIUM. DI-SSOLVED < 12 ugJI. 

17-Jun-94 SELENIUM. [»SSQlVED < 3 ugJI. 

14-~94 SElENIUM. DISSOLVED < OUGJI. 
1 5-0K-93 Sfl.ENIUM, DISSOLVED < 3 ugJI. 

15-M.w-94 SElENIUM. DISSOlVED < 12 ugll 
15-Jun-94 SELENIUM. OJSSOLVED < • ugJI. 

1 4-~94 sa.ENIUM, DtSSOl VEO < 6 UGJI. 

1 B-o.e-93 SILVER. DISSOLVED < 1 ugJI. 

1 5-M..-·94 SILVER. DISSOlVED < 1 ugJI. 

18-Jun-9-4 SILVER. DISSOLVED < 1 ugJI. 

14-~94 SILVER. DISSOLVED < 1 UG/l 
15-0.0.93 SILVER. DISSOLVED < 1 ugJI. 

1 6-Mw-94 SILVER. DISSOLVED < 1 ugJI. 

16-Jun-94 SILVER. DISSOLVED < 1 ugJI. 

14-~94 SILVER, DISSOLVED < 1 UGJI. 
16-0.0.93 SILVER. DISSOLVED < 1 ugJI. 

1 5-M.w-94 SILVER, DISSOLVED < 1 ugJI. 

17-Jun-94 StLVER. DiSSOLVEO < 1 ugJI. 

14-s.p-94 SILVER. DISSOLVED < 1 UGJI. 
15-Doc-93 SILVER, DISSOLVED < 1 ugJI. 

15-M.w-94 SILVER. DISSOLVED < 1 ugJI. 

1 6-Jun-94 SILVER. DISSOLVED < 1 ugJI. 

14-s.p-9-4 SILVER. DISSOLVED < 1 UGJI. 

1 6-DK-93 SODIUM, DISSOLVED 31000 ugJI. 84733 

15-M.-94 SODIUM, OISSOL VED 31000 ugJI. 64733 

1 O-Jun-94 SODIUM. DISSOLVED 30000 ugJI. 84733 

14-s.p-94 SODIUM, OISSOLVEO 32000 UGJL 84733 

1 5-0.c-93 SODIUM. DISSOLVED 37000 ugll 84733 

15-Mw-94 SODIUM. DISSOI.. VEO 33000 ugll 84733 

1 5-Jun-94 SODIUM. DISSOLVED 40000 ugJI. 84733 

14-Sep-IM SODIUM. OlSSOLVED 42000 UGA. 84733 

16-~93 SODIUM, DISSOLVED 130000 ugiL 84733 

16-M.-·94 SODIUM, DISSOLVED 130000 ugll 84733 

17-Jun-94 SODIUM. DISSOLVED 130000 ugJI. 84733 

14-s.p-94 SODIUM, DISSOLVED 120000 UGJL 84733 

ASFDGSPO.wU; dat• 1 1-Nov-1.\4 
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TABLE El 
COMPARISON OF DOWNGRADENT AND A>EGRADIEHT GROUNDWATER QIJAUTV • SPOLI WE1.1.I 

AMENCA.N ITEB. FOUNDRIES 
ISIUNO FACIJTY 

DATA FROM FIRST FOUR QUA.RTERI 

DATE PARAMETER PREFIX RESlA. T UNITB UPPER SIS% 
CONAOENCE UMIT 

1 ~0.0.93 SODIUM, DISSOLVED 40000 ug!l. 84733 
15-Mir·94 SODIUM. DISSOLVED 39000 ugiL 64733 
15-Jun-94 SODIUM. DISSOLVED 43000 ug!l. 84733 
14-Sop.&4 SODIUM. DISSOLVED 41000 UG/L 84733 

1 6-0.0.93 SULFATE 870 rn;IL 2705 
15-Mar-94 SULFATE 000 mg!l. 2705 
1 &-Jun-94 SULFATE e20 rn;IL - 2705 
1 4-s.p-94 SULFATE 980 MG/1. 2705 
15-0-.c-93 SULFATE 1100 mg!l 2705 
1 5-Mar-94 SULFATE 970 mgll 2705 
15-Jun-94 SULFATE 1100 rn;IL 2705 
1 4-s.p..S. SULFATE 930 MGJL 2705 
1 e-O.c-93 SULFATE 1300 mg!l 2705 
15-MM-94 SULFATE 1200 mgiL. 2705 
17-Jun-94 SULfATE 1200 mgll 2705 
14-s.p-94 SUlFATE 1200 MGJL. 2705 
1 ~~93 SULFATE 500 mg!l. 2705 
15-MIIt-94 SULFATE 420 m;ll 2705 
15-Jun-94 SULFATE 500 mg!l. 2705 
14-s.p-9-4 SULFATE 400 MGA. 2705 

14-Sep-94 SULADE < 1 MGA. 
14-s.p-9-4 SULFIDE < 1 MGA. 
14-s.p-94 SULFIDE • MGA. 
14-Sop-94 SULAOE < 

1 ""'"" 1 C-O.C..93 SULFIDE. TOTAL < 1 mg!l. 
15-Ma-·94 sut.ADE, TOTAL 1.7 mg!l. 
1&-Jun-94 SULFIDE. TOTAL 2.1 mg!l. 
15-0.0.93 SULRDE, TOTAL 2 mg!l. 
15-Mar-94 SULADE, TOTAL < 1 mg!l. 
15-Jun-94 SULAOE, TOTAL < 1 mg!l. 
1 C-O.C.93 SUL.ADE, TOTAL 3.1 mg!l. 
15-Mar-94 SUL.ADE. TOTAL < 1 mg!l. 
17-Jun-94 SULFIDE. TOTAL < 1 mg!l. 
15-0.0.93 SUlFIDE. TOTAL 1.1 mg!l. 
1 5-Mar-94 SULFIDE. TOTAL < 1 mg!l. 
15-Jun-94 SULADE. TOTAL < 1 mg!l. 

1 C-O.C.93 THAWUM. DISSOLVED < 3 mg!l. 
15-0.0.93 THAlliUM, DISSOLVED < 3 mg!l. 
1 C-0.0.93 THAWUM. DISSOLVED < 3 mg!l. 
15-0.0.93 THAWUM, DISSOLVED < 3 mg!l. 

1 e-o.c-93 TIN, DISSOlVED < 500 ug!l. 
15-Mat-94 TIN, DISSOLVED < 500 ug!l. 
1 &-Jun-94 TIN, DISSOLVED < 500 ug!l. 
14-Sep-94 TIN, DISSOlVED < 500 UG/L 
15-Dec-93 TIN, DISSOL. VED < 500 ug!l. 
15-Mat-94 TIN, DISSOLVED < 500 ug!l. 
15-Jun-94 TIN, DISSOlVED < 500 ug!l. 
14-s.p-94 TIN, DISSOLVED < 500 UGJL 
1 C-Dec-93 TlN, DISSOLVED < 500 ug!l. 
1 5-M.-94 TIN, DISSOLVED < 500 ug!l. 
17-J~Xt-94 TIN, DISSOLVED < 500 ug!l. 
14-Sep-94 TIN, DISSOLVED < 500 UGJL 
15-DK-93 TIN, DISSOLVED < 500 ug!l. 
15-Mir-94 TiN, DISSOlVED < 500 ug!l. 
15-Jun-94 TIN, DISSOLVED < 500 ug!l. 
14-Sep-94 TIN, DISSOlVED < 500 UGJL 

1 6-Dec-93 TOTAL ORGANIC CARBON AS NPOC 7 mg!l. 2.1 
15-Mar-94 TOTAL ORGANIC CARSON AS NPOC 13 mg!l. 2.1 
1 8-Jun-&4 TOTAL ORGANIC CARSON AS NPOC 2.4 mg!l. 2.1 
14-8.p-94 TOTAL ORGANIC CAFSON AS NPOC 18 MGA. 2.1 
1 5-0ec-93 TOTAL ORGANIC CARSON AS NPOC 8.2 mg!l. 2.1 
15-M.-94 TOTAL ORGANIC CARSON AS NPOC 4.3 mg!l. 2.1 
15-Jun-94 TOTAL ORGANIC CARSON AS NP0C 3.3 mg/L 2.1 
14-s.p-94 TOTAl ORGANIC CARSON AS NPOC 24 MG/L 2.1 
16-0.c-93 TOTAL ORGANIC CARBON AS NPOC 15 mg!l. 2.1 
15-Ma-·94 TOTAL ORGANIC CARSON AS NPOC 5.5 mg!l. 2.1 
17-Jun-94 TOTAL ORGANIC CARSON AS NPOC 1 e mg11. 2.1 
14-Sep-94 TOTAl ORGANIC CARBON AS NPOC 7.4 MGJL 2.1 
15-0.0.93 TOTAL ORGANIC CARSON AS NPOC 27 mg!l. 2.1 
16-Mw-94 TOTAl ORGANIC CARBON AS NP0C 3.0 mg!l. 2.1 
15-Jun-94 TOTAL ORGANIC CARSON AS NPOC . .,. .. 2.1 
1 4-s.p-9-4 TOTAL ORGANIC CARSON AS NPOC 23 MGA. 2.1 
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TAlllE E4 
COMPAIUSON Of DOWNGRADIENT AND SC>BJRADENT GROVNDWAlUi QUALITY • &POLS WE1..L1 

AWiEJVCAN STEEL FOUNDRIES 
8EBRJNQ FACIJTY 

DATA FROII FI\ST FOUR QUARTERS 

DAn PARAMETER PftEfiX RESUl. T UNITS UPPER 85% 
CONFIDENCE l.JMIT 

1&-0.0.93 TOTAL ORGANIC HAUOES < 5 ugll. 
15-Mat-B4 TOTAl ORGAN.C HA.UDES < 5 ugll. 
le-.Jun-94 TOTAL ORGANIC HAUDES 5.9 ugll 
14--Sep-94 TOTAl QAGANjC HA.UDES < 6 UG/l 
1 6-0.C..93 TOTAL ORGANIC HAUDES 8.8 ugll 

1 5-M.-94 TOTAl ORGANIC HAUOES < • ugll. 
1 5-Jun-94 TOTAL ORGANIC HAUDES 0.2 ugll. 
14-Stop-94 TOTAL ORGANIC HAUOES 14 UG/L 

16-Dcc-93 TOTAl ORGANIC HAUOES 13 ugll. 
15-M.-94 TOTAl ORGANIC HAUDES 25 ugll. 
1 7-Jun--S4 TOTAl ORGANIC HAUDES 10 ugll. 
1 4-Sep-94 TOTAL ORGANIC HAUDES 13 UGIL 

1 6-0.C.93 TOTAl ORGANIC HAUDES 15 Ugll. 

15-M.r-94 TOTAL ORGANIC HAUOES 9.0 ugll. 

1 6-Jun--94 TOTAL ORGANIC HAUOES 12 UQIL 
14-:_Sep-94 TOTAL ORGAMC HALIDES 17 UG/l 

16-0.0.93 VANADIUM. DISSOLVED < 50 ugll. 

15-0.c-93 VANADIUM. OlssolVfD < 50 ugll. 
1 &-O.c-93 VANADIUM. DISSOLVED < 50 ugll. 

15-0.0.93 VANADIUM. DISSOLVED < 50 ugll. 

1 15-Dcc-93 ZINC, DISSOLVED 00 ugll. 122 
15-M.-94 ZlNC, DISSOLVED 91 ugll. 122 
1 8-Jun-94 ZINC, DISSOLVED 01 ugll. 122 
14-s.p.-94 ZINC, DISSOlVED 24 UGIL 122 
16-0.0.93 ZINC, DISSOLVED 250 ugll. 1 22 
1 6-Mat-94 ZINC, DISSOLVED 230 ugiL 1 22 
1&-Jun-94 ZINC, DISSOLVED 370 ugll. 122 
1 4-s.p.-94 ZINC, DISSOLVED 240 UGJL 122 
1 &-O.C.93 ZINC, DISSOLVED 32 ugll. 122 
15-t.W-94 ZINC, DISSOLVED < 20 ugll. 122 
1 7·Jun-94 ZINC, DISSOLVED 24 ugll. 122 
1-4-Sep-94 ZINC, DISSOLVED 22 UGJL 122 
15-0.c-93 ZINC, DISSOLVED 40 ugll. 122 
15-Mer-9-4 ZINC, DISSOLVED < 20 ugll. 122 
15-Jun-9-4 ZINC, DISSOLVED 25 ugll 122 
14-Sep-94 ZINC, DISSOLVED 21 UG/L 122 

1 &-Oec>93 pH, AEl.D 15.4SU 13.15 

15-M.-·94 pH, AElD osu 13.6 

1 &-Jun-9-4 pH, AB..D 15.2 su 13.15 

15-D.c:-93 pH. AB.D 5SU 13.15 

15-M.-·94 pH. REl..O 5.1 su 13.15 

15-Jun-94 pH, AEl..O 5.4SU 13.6 

1 D--Oeo-93 pH, RB.D 15.4SU 13.15 

1 5-Mer-94 pH, RB.D 15.2 su 13.15 

1 7-Jun-94 pH, AEl.D 8.4 su 13.6 

1 S.O.c:-93 pH, AB.D 8.3 su 13.6 

1 5-Mer-94 pH, AB.D 5.9 su 13.15 

15-Jun-94 pH, AELO 6.3 su 13.15 
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Section 1 

INTRODUCTION 

1.1 Background 

The landfill, shown on Figure 1-1, has been in operation for over 20 years as a disposal site 

for typical foundry wastes from the Sebring facility, including foundry sand, refractories, slag 

material, and sludge from the sand washers and wet dust collectors. 

The possibility exists that, during the past 20 years, hazardous electric arc furnace baghouse 

dust was intermixed with typical foundry waste and deposited in the landfill. To assess the 

possibility that hazardous materials were placed in the landfill and may have impacted the 

groundwater quality, ASF has agreed, as part of a consent decree, to perform a groundwater 

quality assessment of the site under RCRA 40 CFR Part 265 Subpart F, and Ohio 

Administrative Code (OAC) 3745-65, et seg. 

1.2 Purpose and Scope 

The purpose of this plan is to describe the groundwater sampling and analysis that Amsted 

Industries will conduct as part of the routine groundwater quality assessment of the Sebring 

facility. This plan replaces the Groundwater Sampling and Analysis, Plan dated March, 1992 

which described the initial one year (four quarters) of groundwater quality assessment. All 

sampling and analysis procedures performed will conform to procedures contained in USEPA 

publication 'Test Methods for Evaluation of Solid Waste, SW-846.' 

1 2169.19:!:\wp\fpt\amer1203 
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This plan will be kept at the Alliance facility and includes the following: 

• General Sebring facility description 

• Monitoring well locations and depths 

• Well installation methods and materials 

• Sampling equipment and sample collection methods 

• Sampling frequency and schedule 

• Sample handling, preservation, shipment, and chain-of-custody procedures 

• Decontamination methods 

• Analytical parameters, methods, and detection limits 

• ONOC measures 

• Statistical evaluation criteria 

3 2169.1 8:l:\wp\rpt\amer1203 
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Section 2 

GENERAL FACILITY INFORMATION 

2.1 Facility Name. Location. Contact, and Standard Industrial Code 

Name: 

Location: 

Contact: 

Standard 

Amsted Industries, Inc. d.b.a. 

American Steel Foundries 

Sebring Facility 

Lake Park Boulevard and Heacock Road 

Smith Township, Mahoning County, Ohio 

Mr. Terry Bradway 

Safety and Environmental Manager 

American Steel Foundries 

1001 East Broadway 

Alliance, Ohio 44601 

(216) 823-6150 ext. 206 

Industrial Code: 3325 

2.2 Site Description 

DECEMBER 1994 
FINAL COPY 

The Sebring facility comprises a total of approximately 14.7 acres. The facility is fenced; 

access is from Lake Park Boulevard along Heacock Road as shown on Figure 2-1, which also 

shows the approximate limits of waste placement. Wastes have been placed over an area of 

about 8 acres and range in thickness from a few feet to more than 45 feet near the 

southcentral part of the landfill. 

Soils adjacent to the facility generally consist of lean clay and clayey sand. Shale and 

siltstone outcrop on the west side of the facility and underlie the facility as well. The area 

immediately west and south of the site is the location of the abandoned municipal landfill for 

the village of Sebring. The depth to the water table varies from about 6 feet at the southwest 

end of the site to about 50 feet on the north and east sides of the site. Groundwater flows in 

a westerly direction. 

4 2169.1 B;l:\wp\rpflamer1203 
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Section 3 

GROUNDWATER MONITORING PROGRAM 

3.1 Objective of the Program 

DECEMBER 1994 
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The objective of the groundwater monitoring program is to routinely evaluate whether 

hazardous waste or hazardous waste constttuents have entered the groundwater, and if so, to 

determine their concentration, and rate and extent of migration in the groundwater. In 

particular, this program is intended to assess the quality of groundwater at the water table and 

in the uppermost part of the bedrock aquifer in the area immediately downgradient of the 

landfill to determine if it has been affected by foundry waste materials disposed on-site. 

3.2 Monitoring Program 

The groundwater monitoring program is summarized on Table 3-1. The program was 

developed based on the four quarters of groundwater monitoring conducted pursuant 

to the Groundwater Quality Assessment Plan (RMT, 1 992) and the rationale for the 

program is described in detail in the Groundwater Quality Assessment Report (RMT, 

1 994). In summary, the groundwater quality assessment consisted of sampling site 

monitoring wells on a quarterly basis for one year for the following constituents: 

• Major constituents and constituents of concern found in ASF foundry waste 

stream as determined by ASF testing programs conducted for various 

purposes. 

• Constituents previous detected in surface and groundwater at the Sebring 

facility. 

• Typical foundry waste landfill contaminants. 

• Known or suspected adjacent sources of contamination (Tecumseh Pond and 

Village of Sebring municipal landfill). 

Inorganic indicator parameters useful in understanding groundwater. 

6 2169.1 B:l:\wp\rpt\amer1203 
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Table 3-1 

PROPOSED GROUNDWATER MONITORING PROGRAM 
SEBRING FACILITY 

AMERICAN STEEL FOUNDRIES 
ALLIANCE, OHIO 

Monitoring Wells I 
Upgradient Downgradient 

MW-1A MW-4A 
MW-14 MW-12P* 
MW-19 MW-13 

MW-19P MW-13P* 
MW-23 (sidegradient) MW-21 

MW-21P 
MW-22 

MW-22P 
MW-24* 
MW-25* 

Parameters to be Analyzed I 
Semiannually Annually 

Specific Conductance** Chromium 
pH** Lead 

Temperature** Mercury 
Manganese Selenium 

Arsenic Silver 
Cadmium 

Cobalt 
Zinc 

Nickel 
Phenols 

Iron 
Fluoride 
Barium 

Proposed Monitoring Well 

Specific conductance, temperature, and pH will be measured in the field. Water levels will 
also be measured at each well in the program on a semiannual basis. 

7 216S.1S:l:\wp1Jpt\amer1203 



GROUNDWATER SAMPLING AND ANALYSIS PLAN DECEMBER 1994 
AMERICAN STEEL FOUNDRIES FINAL COPY 

Provisions were made in the Groundwater Quality Assessment Plan to reduce the 

parameter list if certain parameters were not detected above the Practical Quantitation Limit 

(POL) during the first quarter of monitoring. The parameter list was reduced subsequent to 

the first quarter. In addition, based on the entire four quarters of monitoring, the parameter list 

was modified further and the analysis frequency was modified (changed from quarterly to 

semiannual with annual analysis for some parameters). The parameter list was reduced to 

constituents of concern (metals) and field indicator parameters, (pH, specific conductance, 

and temperature). 

Groundwater levels will be monitored on a semiannual basis. At the same time that water 

levels are measured the well will be inspected to confirm that well integrity is acceptable. 

A statistical and qualitative evaluation of groundwater quality will be performed on a 

semiannual basis and a report submitted to the Ohio EPA. The statistical procedure is 

described in Section 3.5. Groundwater elevation data and analytical data will be appended to 

the report. 

3.3 Monitoring Well Locations and Installation 

In July 1985, four groundwater monitoring wells and one boring were installed near the landfill 

under the direction of Bowser-Morner, Inc., Dayton, Ohio. In August 1991, an additional four 

borings and five monitoring wells were installed under the direction of RMT, Inc., to further 

define the on-site geology and groundwater flow. Six borings were installed in May 1991 to 

obtain geologic information. Monitoring wells MW-19, MW-19P, MW-20, MW-21, MW-21P, MW-

22 and MW-22P were installed under the supervision of RMT in November 1993. The 

locations of all the monitoring wells are shown on Figure 2-1. These wells are all constructed 

with PVC. 

The monitoring well network is designed to evaluate, on a routine basis, whether chemical 

constituents of concern have migrated from the landfill into the groundwater and to determine 

the concentration of chemicals and rate and extent of migration. Table 3-2 summarizes the 

function of each well in the proposed monitoring system. Five wells will be used for 

determining background water quality, upgradient or sidegradient of the landfill, and ten wells 

will be used to indicate water quality downgradient of the landfill. Proposed well locations are 

also shown on Figure 2-1 and groundwater flow direction is Shown on Figure 3-1. 
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Proposed well depths range from approximately 35 to 60 feet below ground surface. Each 

well will be constructed such that the screen is in the shale (uppermost aquifer). Some of the 

existing wells will be used to monttor water levels only as noted in Table 3-2, which 

summarizes the function of each existing and proposed well in the monitoring system. 
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Table 3-2 

MONITORING WELL SYSTEM 
SEBRING FACILITY 

AMERICAN STEEL FOUNDRIES 
ALLIANCE, OHIO 

Well Up Down Screen Depth in feet Geologic 
Designation Gradient Gradient Length (approximately) Material 

(Existing 
Water and Water 5 10 

Proposed) Quality Level feet feet 

MW-1 X X X 55 Shale 

MW-1A X X X 42 Shale 

MW-2 X X X 35 Shale 

MW-3 X X X 26 Spoils 

MW-4 X X X 32 Spoils 

MW-4A X X X X 15 Spoils 

MW-12 X X X 36 Sand & 
Spoils 

MW-12P X X X X 50* Shale 

MW-13 X X X X 38 Spoils 

MW-13P X X X X 60* Shale 

MW-14 X X X X 62 Shale 

MW-19 X X X X 55 Bedrock 

MW-19P X X X X 105 Bedrock 

MW-20 X X X X 30 Bedrock 

MW-21 X X X X 30 Spoils 

MW-21P X X X X 65 Bedrock 

MW-22 X X X X 20 Spoils 

MW-22P X X X X 35 Spoils 

MW-23 Side X X X 35 Spoils 

MW-24 X X X X 35* Shale 

MW-25 X X X X 55* Shale 

NOTES: 
* The well screen will be placed in the permeable zone or layer encountered within the shalely bedrock formation 
at these approximated depths. 
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The proposed wells will be constructed with 2-inch diameter, Schedule 80, PVC risers and 5-

foot-long screens. The casing and screens will be joined with threaded flush joints. All pipe 

and screens will be factory-cleaned, and delivered individually wrapped, to the site. 

The borings for the wells will be drilled using hollow-stemmed augers and clear water rotary 

drilling techniques to the approximate depths listed in Table 3-2. Proposed well construction 

details are shown on Figure 3-2 and 3-3. Wells MW-24 and MW-25 will be constructed as 

shown on Figure 3-2. Wells MW-12P and MW-13P will be constructed as shown on Figure 

3-3. Sand ( washed silica or equivalent) will be backfilled around the screen and extended 

approximately 2 feet above the top of the well screen. A bentonite pellet seal will be installed 

directly above the sand layer. The remaining borehole annulus will be filled whh 

cement/bentonite grout. A sloping concrete pad will be installed to anchor the protective 

casing and to direct surface run-off away from the well. Four-inch (minimum diameter) steel 

protective casings equipped with locks will be installed at each well. A 2-foot length of the 

casing will be below ground, and about 2.5 feet will be above ground. 

The borehole for the monitoring wells will be sampled at 2.5-foot inteNals using split-barrel 

sampling procedures in soil and soft bedrock, and continuous rock coring (NX or larger) in the 

competent bedrock. A geologist or hydrogeologist will be on-site to log and describe the 

samples according to the Unified Soil Classification System. The installation methods and 

materials will be reported on a well diagram. A sample well construction diagram is included 

in Appendix A. 
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The following cleaning procedures will be used prior to starting and between wells: 

• Augers, drill rods, and other tools and drilling equipment will be cleaned using 
a steam-cleaner prior to use at each boring location. Water from a city 
potable water supply system will be used for steam-cleaning and for all drilling 
procedures. 

• While on-site, the augers or other down-hole equipment will not be allowed to 
come into contact with surrounding soils prior to use. 

• Decontamination will be conducted in a central location in the landfill and 
decontamination water will be contained in the landfill and allowed to infiltrate. 

• The soil cuttings will be collected and placed in the landfill. 

The wells will be developed by surging and bailing with a PVC hand bailer until pH and 

conductivity stabilize within ± 0.1 pH units and ± 100 llmhos/cm. Development will be 

documented on the well construction diagrams (Appendix A). 

The locations of the wells will be surveyed to an accuracy of 0.01 feet for top of casing 

elevations and 0.1 feet for horizontal locations. Locations will be referenced to the on-site 

coordinate system. 

After development, in-field hydraulic conductivity tests (baildown tests) will be conducted on all 

new wells. Hydraulic conductivity values will be calculated using the Bouwer and Rice (1976) 

or Cooper, et al. (1967), technique, as appropriate. 

3.4 Groundwater Monitoring Parameters 

The groundwater samples will be sent to a qualified analytical laboratory. The parameters, 

analytical methods, and Practical Quantitation Limits are presented in Table 3-3. The 

groundwater level at each monitoring well will be measured prior to well purging each time a 

sample is obtained. Groundwater sampling and analysis procedures are described in Section 

4. 
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Table 3·3 
PARAMETERS, METHODS OF ANALYSIS AND PRACTICAL OUANTITATION LIMITS 

SEBRING FACILITY 
AMERICAN STEEL FOUNDRIES 

ALLIANCE, OHIO 

Parameters SW-846 Practical Quantitation 
Analytical Method Limits 

pH 9040/9041 0.1 pH unit 

lron-ICP 6010 0.10 mg/L 

Fluoride EPA 340.2 0.1 mg/L 

Manganese- ICP 6010 0.005 mg/L 

Phenols (colorimetric) 9066 0.01 mg/L 

Specific Conductance 9050 1 o Jifllhos/cm 

Arsenic 7060 3 

Barium 6010 50 

Cadmium 7131 0.3 

Chromium (total) 7191 2 

Cobalt 6010 50 

Lead 7421 3 

Mercury 7470/7471 0.2 

Nickel 6010 40 

Selenium 7740 3 

Silver 7761 1 

Zinc 6010 20 

NOTES: 
Practical Quantitation Limits are for RMT Laboratories. 
ICP-Inductively Coupled Plasma Emission Spectrophotometry. 
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3.5 Statistical Data Analysis and Reporting 
> 

A tolerance interval approach was used to compare 1994 background monitoring well data to 

1994 downgradient monttoring well data. The following paragraphs describe the tolerance 

interval method. An alternate statistical method may be used to evaluate data collected in the 

future. If an alternate method is contemplated, the OEPA will be notified prior to conducting 

the analysis. 

A tolerance interval is constructed from the data collected from unaffected upgradient 

background wells. The tolerance interval is constructed by first calculating the mean 

upgradient concentration of each parameter using all available upgradient data points. Then 

an interval above and below the mean is created based on the variability of the background 

data. A more detailed description of the statistical procedure and calculations is presented in 

Appendix E. 

In the case of several parameters, the measured parameter concentration may be below the 

detection limit. For parameters where the percentage of non-detects is between 0% and 50%, 

the tolerance interval approach will be used and the detection limit will be substituted for non

detect values. 

In the case of all parameters except pH, an upper tolerance interval will be calculated and 

compared to the actual value for a specific downgradient well. For pH, and upper and lower 

tolerance interval will be calculated. 

For parameters where the percentage of the non-detects exceeds 50%, the tolerance interval 

approach is not appropriate and a test of proportions will be used. The test of proportions is 

a method to determine whether a difference in the proportion of detected values in the 

background well data compared to the downgradient well data provides statistically significant 

evidence of impact. 

Each of the statistical methods used here is described in the U.S. EPA Publication 

• Statistical Analysis of Ground-Water Monttoring Data at RCRA Faciltties' (U.S. EPA, 1989). 

The results of these comparisons will provide specific information regarding hazardous wastes 

and/or hazardous waste constttuents, if any, that may have been released from the landfill and 

entered the groundwater. 
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3.6 Schedule 

Sampling will be canied out on a semiannual basis. A report containing the sample resu~s 

and an evaluation of those results will be submitted to the USEPA and OEPA within 30 days of 

the receipt of the analytical data for each sampling round. 

In the event that the sampling and analysis reveals that hazardous waste or hazardous 

constituents have entered the groundwater, the USEPA and Ohio EPA will be notified in writing 

within 1 0 days. Groundwater monttoring will continue to be conducted in accordance with the 

requirements of 40 CFR §265.93(d}(7), OAC 3745·65-93(d)(7), and the Groundwater Quality 

Assessment Report. 
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Section 4 

GROUNDWATER SAMPLING AND ANALYSIS 

4.1 Field Procedures 

4.1.1 Measuring Static Water Level 

Static water levels will be measured in each well prior to purging or sampling. All 

groundwater level measurements will be made using a surveyed reference point 

established on the well casing. The reference point will be the highest point of the 

PVC well casing. 

A battery-operated water level indicator will be the primary device for water level 

measurements. The indicator is a self-contained transistorized instrument equipped 

with a cable and sensor which activates a buzzer and a light when it comes in contact 

with the water. The depth to water is read from permanent increment markings on the 

cable. 

In case of instrument failure, depth to groundwater will be measured by a plopper tape 

which is a bell- or cup-shaped weight attached to a measuring tape. When lowered 

into the well, a 'plopping' sound is made when the weight strikes the surface of the 

water. An accurate reading can be determined by lifting and lowering the weight in 

short strokes, and reading the tape when the weight just strikes the water. Depth to 

water will be recorded to the nearest 0.01 foot. 

In order to prevent cross-contamination, the water level measuring device will be 

decontaminated between wells by rinsing first with a mild detergent solution such as 

Alconox and then with Type II reagent grade water. 

4.1.2 Purging Wells 

The monitoring wells will be purged to remove stagnant water to ensure that the 

samples collected are fresh formation water. Before purging each well, five well 

volumes will be calculated. The steps to calculate the purging volumes are as follows: 

1. Measure depth to water and depth to the bottom of the well. 

2. Subtract depth to water from the depth to bottom. 

3. For a 2-inch well, muttiply the result obtained in Step 2 by 0.163 gallon/loot, 
and multiply that by 5. 

Purging wells will be accomplished by the following steps: 

1. Place a plastic dropcloth around the well to minimize possible contamination 
of sampling equipment with soil. 
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2. Remove the calculated amount of water necessary to obtain a sample of fresh 
water from the formation. If the well bails dry, the sample will be collected as 
soon as there is a sufficient volume recharged to the well to fill all sample 
bottles. 

3. Use a separate pre-cleaned bailer to remove water from each well. A Teflon®. 
coated, stainless-steel cable will be attached to the bailer; new polypropylene 
rope will also be attached to the cable. 

4. Measure water removed in gallons, to ensure that sufficient volume is purged 
to remove stagnant water not representative of in-situ condttions from the well. 

5. Bail in such a manner as to prevent excessive amounts of agttation. 

6. Record observations of odor, color, and degree of turbidity. 

7. Contain purge water and dispose of appropriately in accordance with 
applicable regulations. If analysis of previous groundwater samples indicates 
that water quality at an individual well meets applicable water quality 
standards, the water may be discharged to the ground. 

4.1.3 Sample and Data Collection at Each Well 

Samples will be collected immediately after purging. Some wells (e.g., well MW-19P) 

may recover slowly from purging. These wells will be purged several days prior to 

sampling. Procedures for the sampling of the monitoring wells are as follows: 

1. Set up filtering equipment and prepare pH and specific conductance meters. 

2. Label bottles by writing the well number, project name, date, the sampler's 
name, and the time of day in the sampler section. 

3. Collect samples using the dedicated bailer and a bottom-emptying device to 
prevent excessive amounts of agitation and aeration. 

4. Fill bottles for unfiltered samples first. 

5. After filling bottles for unfiltered samples, collect a sample for filtering and 
performing field measurements. 

The instruments used in the field and their calibration procedures are described 

below. 

Temperature - Each field thermometer will be inspected before each field trip to see 

that it is not cracked and that there are no air spaces or bubbles in the mercury. 

Before using a thermometer in the field, field personnel will make a visual observation 

to ensure that it has not been damaged. The temperature of the groundwater sample 

will be recorded to the nearest 0.5'C immediately after the sample is removed from the 

well. 
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Specrric Conductance -The specific conductance of the liquid will be measured in the 

same groundwater sample used for the temperature measurement. A portable 

specific conductance meter will be used to measure the specrric conductance of the 

groundwater sample. Each meter will be checked before each field trip and daily 

while in the field. Batteries will be checked, and conductivity cells will be cleaned and 

checked against a known standard (0.01M KCI which reads 1413 ~mhos@ 25°C). 

YSI 33 S-C-T Meter - Specifications 

Range: 0-500, 0-5,000, 0-50,000 ~mhos/em. 

Meter Accuracy: ± 2.5% maximum error at 500, 5,000, and 50,000 plus probe error. 
± 3.0% maximum error at 250, 2,500, and 25,000 plus probe error. 

Probe Accuracy: ± 2% of reading 

Readability: 2.5 ~mhos/em on 500 ~mhos/em range 
25 ~mhos/em on 5,000 ~mhos/em range 
250 ~mhos/em on 50,000 ~mhos/em range 

Q!:! - The pH measurements will be made electrometrically using a combination 

electrode and portable pH meter. The measurements will be recorded to the nearest 

0.1 pH unit. Portable meters with provisions for temperature compensation will be 

used. The meter will be checked before each field trip and daily while in the field for 

any mechanical or electrical failures, weak batteries, and cracked or fouled electrodes. 

The meter and electrode also will be checked against at least two standard buffer 

solutions of known pH values (e.g., 4, 7, and 1 0). While in the field, the meter will be 

checked several times per day with fresh buffers. In case of an apparent discrepancy 

in a pH measurement, the electrode will be checked with pH 7.0 buffer and 

recelebrated to the closest reference buller to the pH of the sample. The sample will 

then be reanalyzed. Duplicate analyses will be made until they agree within 0.1 pH 

unit. The buffer solution containers will be refilled each day from fresh stock solution. 

Decontamination of the pH probe will be done by rinsing with distilled water. A 

separate, clean beaker will be used at each well for conductivity and pH 

measurements to eliminate the possibility of cross-contamination. 

Orion Research Analysis pH Meter - Specifications 

pH Range: 0 to 14 with ± 0.01 pH repeatability and ± 0.05% accuracy. 

mV Range: -999 to 999 mV, with ± 1.0 mV repeatability and ±5% mV 

accuracy. 
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Examples of field data sheets, meter calibration logs, and procedures to complete the 

field notes are given in Appendix B. A log of meter calibrations and checks will be 

maintained during each sampling event. The calibration and checks will be performed 

a minimum of four times a day following the procedures specified in the meter 

manuals. 

4.1.4 Field Filtering 

Filtering in the field will be required tor all of the inorganic parameters (except suifide) 

to prevent changes due to chemical precipitation or biological activity and to collect a 

more representative sample of the water moving through the ground. In many cases, 

there may be a small amount of silt or clay in the water after purging the well. This 

sediment is not representative of constituents transported in groundwater flow systems 

in porous media. The filtering is performed in the field immediately after sample 

collection because even short delays may significantly change the water chemistry. 

An in-line filtering system, consisting of a disposable filter, bailer, and small hand 

pump, will be used to collect and filter the samples for inorganics analysis. The pump 

forces water out of the bailer and through the filter. The possibility of cross

contamination is minimized as both the bailer and filter are disposable and are not 

reused from one well to another. 

4.1.5 Equipment Cleaning Procedures Between Sampling Events 

All equipment used for sampling that is not dedicated (purging bailers, water level 

measuring devices, etc.) is decontaminated after the sampling event using the 

following methods: 

1. Prepare a soapy water bath using laboratory-grade detergent. 

2. The inside and outside of filtering equipment are to be washed with a fine
bristle brush. 

3. Water level measuring devices are unwound and soaked in soapy water and 
wiped clean wtth a cloth. 

4. All equipment is rinsed with tap water. 

5. All equipment, except water level measuring devices, is rinsed inside and 
outside with dilute 1:1 nitric acid. 

6. Rinse all equipment with Type II reagent water. 

7. Dry all equipment, except water level measuring devices, in oven at 1 OS'C, 
and seal in polypropylene plastic to prevent contamination. 

22 2169.1B:I:\wp\rpt\amer1203 



GROUNDWATER SAMPLING AND ANALYSIS PLAN DECEMBER 1994 
AMERICAN STEEL FOUNDRIES FINAL COPY 

4.1.6 Equipment Cleaning Procedures Between Monitoring Wells 

The procedures to be followed for cleaning equipment in the field between wells are 

as follows: 

1. Rinse all equipment with fresh soapy water. 

2. Rinse all equipment with Type II reagent grade water. 

3. Rinsate will be disposed on the ground surtace near each well 
sampled. 

4.2 Sample Preservation Methods 

The preservation methods for the parameters to be analyzed are listed in Table 4-1. 

4.3 Chain-Of-Custody Guidelines 

A Chain-of-Custody Form is intended to be a written record of sample possession and 

transference and is considered to be a legal document. The guidelines for the Chain-of

Custody Form to be used by sampling and laboratory personnel to ensure proper tracking are 

outlined below. An example of a Chain-of-Custody Form is included in Appendix C. While 

filling out the Chain-of-Custody Form, it is important to use only black ink and to write legibly. 

Errors are to be corrected by drawing a single line through the incorrect information and 

entering the correct information. All corrections are to be initialed and dated by the person 

making the correction .. 

A checklist of information that must be included on the Chain-of-Custody Form (see Appendix 

C) is as follows: 

1. Bottles prepared by - The laboratory providing the bottles must sign their 
name here. 

2. Date I Time - To be filled out by the person preparing the bottles. 

3. Office code - To be filled out by the person preparing the bottles. 

4. Project no. -To be completed by the laboratory. 

5. Client -To be completed by the laboratory. 

6. Sampler - The person/persons collecting the samples must sign their name 
and print their name under their signature. The date and time the sampler 
relinquishes the samples to either the laboratory or shipper must also be 
recorded. 

7. Laboratory no. -This number is a unique identification number assigned by 
the laboratory. 

8. Year I Date -The year and date the samples are collected. 
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Parameter 

Barium 

Cadmium 

Chromium 

Cobalt 

Lead 

Mercury 

Nickel 

Selenium 

Silver 

Zinc 

Fluoride 

Iron 

Manganese 

Phenol 

pH 

Temperature 

Specific Conductance 

Table 4-1 

SAMPLE TREATMENT 
SEBRING FACILITY 

AMERICAN STEEL FOUNDRIES 
ALLIANCE, OHIO 

Bottle Material Preservative 

HN03 

Polyethylene HN03 

Polyethylene HN03 

Polyethylene HN03 

Polyethylene 

Polyethylene HN03 

Polyethylene HN03 

HN03 

Polyethylene None 

Polyethylene HN03 

Polyethylene HN03 

Glass Sulfuric Acid 

Analysis Performed in Field Analysis Performed 
in Field 

Analysis Performed in Field Analysis Performed 
in Field 

Analysis Performed in Field Analysis Performed 
in Field 

Holding 
Time 

6 months 

6 months 

6 months 

6 months 

6 months 

6 months 

6 months 

6 months 

6 months 

6 months 

28 days 

6 months 

6 months 

28 days 

NOTES: All samples are kept cool. (4"C) during transport and storage, regardless of 
parameter. 
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9. Time -The time the sample is collected. This time MUST also be noted on 
the sample bottle. 

1 0. Sample station ID - The location the sample was collected from, e.g., Pit 1, 
Tank 17, etc. 

11. Total number of containers -Add up all of the bottles filled, and write total 
here. 

12. Sample type -Circle sample type listed on Chain-of-Custody Form. 

13. Container inventory- To be completed by laboratory providing the bottles. 

14. Filtered- Place Y (yes) or N (no) to indicate whether the sample in a particular 
bottle is filtered or not. 

15. Preserved - To be completed by laboratory. 

16. Refrigerated -To be completed by laboratory. 

17. Comments - Sampler may provide additional information about a sample, e.g., 
if an odor is present. 

18. Relinquished by I Received by - This part of the form is a record of the 
individuals who actually had the samples in their custody. The spaces must 
be used in chronological order as the Chain-of-Custody Form is transferred 
with the samples. 

(1) 
(2) 
(3) 
(4)-(6) 

Note: 

Sampler signs when relinquishing custody. 
Person accepting custody of samples from sampler signs. 
Person in (2) must sign when relinquishing custody. 
These are completed as necessary in the same manner as above. 

If commercial carriers are used, the name of the carrier, any airbill 
number, and date and time of relinquishing is written in by sample 
entry or field personnel, and the airbill is attached to the Chain-of
Custody Form. 

The final signature is that of the person receiving the samples at the 
laboratory. 

19. Seal # - Not applicable. 

20. Seal # - Not applicable. 

21. Hazards associated with samples - This section is for field use. It can include 
any known or suspected hazard associated with the samples. Sample entry 
personnel may add information to this section based on project manager or 
supervisor communication to the laboratory after samples are received. 
Laboratory group supervisors will use any hazard information to update and 
revise their analysis before work is started. 
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4.4 Sample Shipment Methods 

4.4.1 Time Period 

DECEMBER 1994 
FINAL COPY 

At the completion of the sampling event, samples will be transported to the contracted 

laboratory immediately to ensure that holding times of the analyses (Table 4-1) are 

met. 

4.4.2 Handling 

1. Method of Transport - The method of transport used should be one that will 
ensure that the samples will be delivered to the laboratory overnight, such as 
Federal Express. 

2. Transport Container and Packing -The samples will be transported in 48-quart 
coolers. 

• Sample packaging procedures will include the following: 

• Place several layers of cushioning (bubble pack) in the bottom of the cooler. 

• Place cushioning material around all glass bottles. 

• Fill a plastic garbage bag with ice, and place on top of samples. Place 
completed chain-of-custody in Ziploc® bag and tape to inside cover of cooler. 

• Tape the drain on cooler shut, and wrap the cooler completely with tape in two 
locations. 

• Place 'This Side Up' and 'Fragile' labels on cooler. 

3. Labels for the transport containers will be addressed to the contracted 
laboratory. 

4.4.3 Sample Bottle labels 

Each sample bottle will be labeled so that the analy1ical laboratory has the following 

information: 

• Site identification 

• Sampling date and time 

Sample identification or location 

• Sampling crew 

• Type of analysis to which the groundwater will be subjected 

All labels are color coded to indicate the type of preservative in the bottle (e.g., Red -

Nitric acid, Yellow - Sulfuric acid, Black- No preservative). 
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4.5 Quality Assurance and Quality Control 

4.5.1 Field QNQC Procedures 
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A field (equipment rinsate) blank will be collected during each sampling round and 

submitted to the laboratory to assess the quality of the analytical data. This sample 

will be taken near the monitoring well with the highest specific conductance. 

The intent of the field blank is to ensure that the nondedicated fi~ering equipment has 

been effectively cleaned and will consist of Type II reagent water which has been 

subjected to the same field methods as the samples from the monitoring wells. The 

field blank will be analyzed tor the same parameters as the groundwater samples. 

The procedures for the collection of the field blank are as follows: 

1. Decontaminate the filtering equipment using the specified procedure in 
Subsection 4.1.6 on cleaning procedures between monitoring wells. 

2. Pour a portion of deionized water into the decontaminated fi~ering equipment, 
and fitter it as though it were a groundwater sample. 

3. Pour the fi~ered sample into the appropriate bottles, and place bottles on ice. 

4. Perform pH, conductivity, and temperature. 

One field duplicate will be collected per sampling event and analyzed for the same 

parameters as the other groundwater samples. 

4.5.2 Laboratory QNQC Procedures 

Samples will be analyzed by a qualified laboratory in accordance with ONQC 

procedures outlined in that laboratory's quality assurance manual. The quality 

assurance manual is an in-house document which discusses all of the analytical 

procedures to be followed by the contracted laboratory in order to meet data quality 

objectives as well as to meet pertinent regulatory requirements. The laboratory's 

quality assurance manual will be provided to the agency along with the results of the 

first sampling event for 1995. Control samples will be analyzed as appropriate for the 

SW 846 analytical method. 
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GUIDELINES FOR FIELD NOTES 
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APPENDIX B 

GUIDELINES FOR FIELD NOTES 

The importance of recording accurate, complete, and informative field notes cannot be 

overstated. The quality of the field persons' work is reflected directly in their field record. The 

field notes are the only reliable record of information gathered in the field. Information 

gathered in the field should be recorded in the field on standard field book note paper. Notes 

should be permanent, legible, complete, and capable of only one interpretation. Notes should 

be recorded with an All-Weather pen with black ink. Field book paper which is resistant to 

water and that can be marked when wet is available and should be used. 

Field notes are to be recorded immediately in the field. Records made on scratch 

paper and copied later, or other information recorded from memorv, are not considered field 

notes. If these are entered as field notes at some time other than when actual field records 

are made, then doubt is cast on all of the data. 

The two foremost goals of good field notes are as follows: 

1. To provide adequate and complete information that is useful and understandable to 
someone other than the note-taker. 

2. To provide documentation of work done or data gathered that is of a quality to 
withstand the test of legal testimony in a court of law. 

Note-takers should always keep the goal of the field assignment and the intended use 

of the notes foremost in their mind. The notes should be complete and understandable 

enough so that someone not associated wtth the actual field job can use them for the 

intended purpose withoU1 the need to question the note-taker or other members of the field 

crew about the correct interpretation of the notes. There should also be an awareness of 

what the notes or information might possibly be used for besides the primary purpose of the 

field investigations. Field staff should make a point of questioning the project manager or 

technical coordinator if they are unclear on this issue. 

If field notes are to be useful, they must be legible. For this reason, they should be 

lettered instead of written. The lettering should be of a size which is easily readable yet which 

allows a reasonable amount of data to be entered on the page wtthout crowding. Explanatory 

remarks are always necessary to clarify the field procedures and provide all of the details. 
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Field sketches are also very useful and should be used freely. Erasures should not be 

used, as they always cast doubt on the reliability of the records. If a correction needs to be 

made to the notes, draw a SINGLE line through the mistake, and date and initial it. All 

additions, revisions, reductions, or comments added to field notes in the office should be done 

in ink (usually red) to indicate that such information is not part of the original field record. 

follows: 

A checklist of information that must be included in the field notes for sampling is as 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Client - Generally this is the project name. Do not use abbreviations. 

Job number - Be sure this is the correct number. It should be obtained from 
the trip coordinator or the project manager. 

Sample no. and type - Name of sample location, e.g., MW-1/water, Production 
Well-2/water, sludge basin/waste, Johnson/Private well, etc. 

Date - Date work was performed. 

Name(s) of sampler - Do not use initials. 

Well Diameter - Inside diameter of well. 

Time- Time work at sample location was started. State A.M. or P.M. 

Depth to water and ref. point - This measurement should always be taken from 
the top of the well, not from the protective casing. Measurements recorded 
should be as follows: 10.21 feet + 0.00 feet T/PVC if an electric water level 
indicator is used, and 1 0.21 feet + 0.17 feet T /PVC if a plopper tape is used. 
Lengths of ploppers vary, so you must measure it before each field trip. If the 
well is PVC and the pipe is cut on a slant, the measurement should be taken 
from the highest point. 

9. Depth to bottom of well - This measurement should be taken in the same 
manner as depth to water. A nylon-coated steel tape with plopper will be 
used to measure depth to bottom. The lead and plopper length must be 
added to all depth to bottom measurements. 

1 0. Water elevation - The depth to water and plop per length should be added 
together, and the calculated water elevation should be written here in red. 
This should be done when summarizing notes after the field trip. 

11. Total Volume removed - Record the actual amount of water purged from the 
well in gallons. A pail calibrated in gallons and quarts will be used. Please 
note: This is the ACTUAL volume removed not the calculated volume. 

12. Method - Note the device used to purge, i.e., bailer, submersible pump. If a 
well goes dry, it should be noted as follows: Bailed dry at 3.5 gal. 

13. Color - Note actual color of purged water. 

14. Turbidity - Comment on degree of turbidity and report as slight, moderate, or 
very. 
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15. Comments - Use this space to record such things as sheens on water, 
unusual amounts of sediment present, and/or other out-of-the-ordinary 
observations. 

16. Date -The date recorded should be the date the sample was collected. Since 
it is our policy to sample immediately after purging, this date will be the same 
as the purging date. The exception would be extremely slow recovering wells 
that might take longer than 24 hours. 

17. Time- Time sample collection started. Please note A.M. or P.M. Please note 
that the sample must be collected immediately after purging unless the well 
goes dry. 

18. Color - Use same procedure as in Step 13. 

19. Turbiditv- Use same procedure as in Step 14. 

20. Comments - Use same procedure as in Step 15. 

21. Q!:i - This measurement must be performed immediately after sample is 
collected. pH should be recorded to nearest 0.1 pH unit. Four readings 
should be taken as follows: 

a) Place electrode in sample. 

b) Let meter stabilize and take reading. 

c) Shut meter off, and remove electrode from sample. 

d) Rinse electrode. 

e) Repeat A through D until 4 readings have been recorded. 

22. Specific conductance - This measurement must also be performed 
immediately after sample is collected but before pH. Meter should be read to 
the nearest 5 umhos. Four readings should be obtained using the same 
procedures as noted for pH in Step 21. 

23. Temperature -Temperature of the sample must also be taken immediately 
after the sample is collected and should be recorded to the nearest O.SO. A 
Celsius thermometer should be used. 

24. Average -These numbers are calculated after the fieldwork has been 
completed and should be written in red. pH is the average of four readings, 
and specific conductance is also the average of four readings, converted to 
25°C and reported to the nearest 1 0 Jlmhos. 

25. Time - The time the filtration procedure is started should be recorded here. 
Note A.M. or P.M. 

26. Color - Same procedure as in Step 13. 

27. Turbiditv - Same procedure as in Step 14. 

28. Comments - Notes relating to filtration difficulty. If a sample takes an 
unusually long time to filter, the length of time should be noted here. Also, 
any observations made, other than odor, color, and turbidity, should be noted 
here. 
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29. Bottles Filled - This section is intended to serve as an inventory of the bottles 
filled. It should be filled out completely and accurately after the bottles have 
been filled and before being placed in cooler. Abbreviations should not be 
used. 

30. Chain-of-custody number -This number is found in the upper right-hand 
corner of the chain-of-custody form. 

31. Date shipped - Record the date the samples are shipped to the laboratory. If 
they are not shipped, record the date on which they are given to the 
laboratory. 

32. Method - Record the name of the shipping used e.g., Fed Ex., Airborne. If the 
samples are not shipped and you transport them via vehicle, please note this. 

33. Airbill number - Record the airbill number found on the shipping form. If the 
samples are not shipped, place a line here. 

34. Signed -The signature should be of the sampler or the field ONOC design. 

35. Date - The date the log is signed should be recorded here. 

36. QC'd by -The signature of the sampling OC/OA officer should be recorded 
here. 

37. Date -The date on which the sampling ONOC officer signs the logs should be 
recorded here. 

38. Page - When all of the field notes are assembled, number the pages. 

A title page for all field jobs should be attached to the field notes. It should 
consist of the project name and number, the location of the project, the dates 
on which the fieldwork was performed, the purpose of the fieldwork, name of 
person performing the fieldwork, and a short description of the weather 
conditions. 

In summary, the field notes should 

• show all data with sufficient explanation to prevent misinterpretation and with 
answers to all questions; 

• be relative to the immediate purpose of the field assignment and should also 
anticipate reasonable future uses of the notes; 

• be legible; and 

• be recorded as if the eventual user of the notes was not present when the 
fieldwork was performed. 

The original field notes often afford the only possible means of accomplishing the desired 

ends, and, unless sufficiently complete, they may be worthless. These same guidelines apply 

to notes taken during other field activities. 
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·~~ 
LABORATOI 

7 44 Heartland Trail 
Phone(608)831-4444 
FAX (608) 831·7530 

F-268 !R2/88) 
CHAIN OF CUSTODY RECORD !Use Black Ink Onlyl 

Bot lies Prepared by: .. I Dato/Timo rIll co Co do: 
IStatel 

Project No. Cllenl: 

RMT Yr._ 

Lab NO. Date Time Sample Station 10 

SAMPLER 
Relinquished by ISig.l Date/Time Received by (Sig,) 

CD I 
® 
Slipper Name & 1 

Rollnqulahod by ISig.l Data/Time Received by ( Slg.) 

@ 

I ® 
Shlppor Name & I 

Relinquished by ISig.l Dale/Time Received by ISig.l 

® 

I ® 
Shipper Name & I 

Seal # at' chd by O Recvd, Intact by O Seal I 

,:.·: .. · ....... ·. ·.·.... · ....... :.· ... ,', 

Nashville, TN Schaumburg, IL 

Sarrj>lo Typo: IGW, WW, SW, Soli, Othorl N~ 021838. . - - .. 
/ / / 7 / / / / Fillorod IYos/Nol 

/ / / / / . / / / Proservod ICodol 

0,~ / / / / / 7 7 7 Rolrlgeralod IYes/Nol 

~' 
!'! •• ~ ~ ~ '(" <~-'. Coda: A -None 

1? .~ • 
~ ~ ~t:- B .. HN03 
z c <-' 0 0 o C • H2S04 ;;; u 
0 D • NaOH 
1- 0 E· __ 

Comments: 

Date/Time 
HAZARDS ASSOCIATED WITH SAMPLES 

' I . 
Dale/Time 

I lfor Lab Uu Only) 

Recel pt Temp Receipt pH 
Date/Time 

Client P .0. Number 

I Subsequ8nt Analyals: ICheckl 

al'chd by O Recvd, Intact by c::5l Date Resubmitted 

~r:s~:r~:.:r;:~~f~ 
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- _For_ data sets with more than 30 observations, the parametric analysis of 
variance· perfonned on the rank ·_values is a good approximation to _the· Kruskal
\.lalliS:, test (Quade, ·1966). If_ the_ ·user .has access to SAS, the PROC ,RANK pro
cedure: is used . to obtain the ·ranks of the data. The analysis of variance pro
cedure detailed in Section 5.2.1: is then performed on the ranks. ·Contrasts 
are tested as in the parametric analysis of variance.. · · . -· 

IIITERPRETATIOH 
1 

· • :The Kruskal-Wallis test"sta.t1stic is coritpared to the tabulated crjtical 
value from. the. :chi-squared· distr'ibut1on. · If the test ·statistic does not 
exceed the tabulated value, there 1s no statistically significant evidence of 
contamination and the .analysis· would stop and ·report this firiding.·· If the 
test statistic exceeds the· tabulated _value, there is significant evidence that 
the hypothesis of no differences in compliance concentrations from the back
ground level-is not true.·· Consequently, 1f the test statistic exceeds the 
critical value, .one .concludes that there is significant evidence of contami
nation. One then proceeds to investigate ·where the differences lie,-that is, 
which..,1e1ls are indicating contamination._'_·. · :·._ · : · ·_ 

: The. multiple comparis~~s. p~ocedure d.escribe.d in steps 5 and 6 compares 
each compliance well-to the background well. This-determines which compliance 
wells-·show statistically significant evidence of contamination ·at an experf
mentwise error··rate of ·5 percent.-. In man)' cases; inspection· of the· mean ·or 
median concentrations w111 be sufficient to indicate where the problem .. lies: 

i..n a 1 terriate: appro~ch to- analysi-s of. v·a·r·i·a;c·e -to" det~rmin=e~ whet-her the~e 
is statistically_:significant ·evidence of' contamination~ is~ to .use tolerance 
1 nterva 1 s. · A to 1 erance . i nterva 1 .1s constructed from ·the -data~ on (uncontam
inatedl background wells. ·The concentntions fr0111 compliance wells Are then 
compared with the tolerance interval: \11th the exception of pH, if the com
pliance concentrations do not fall in the tolerance interval, this provides 
statistically significant evidence of contamination. · 

• . ~--~_,. ·."" :· • -t: . 

_ iTo }_,e!:,!nc~A ntea!J ~hr.e I;~mPP·cilfr-1~~~3rxff.ela1:tf;£1J.1.((~!~-~~1 ~e_x_i,liJ ttfjJ.g~egr.,s_~il:O.f ~paJ.f ... a,l ;;wl att~~m~_g_~;o~JifJ..t-.wUI_~,upi:! : ~_JJ~nce k!e;J,.l ~f pcj .:LUtes ~!~!...O.Y..!JJ; ,_.'}~t.tttL~b!.•~~.OIIl9.g~r;~o,u~:J:.9e.?J og!~ ;.~Po,lltS'f(for..;~~P1!•.{mc~.~~~"~u~~rJ~c;y~~ln.~l~n)'%.t.ha~ . .{o,._npti~~tufj r'r:all.Y :di spJ._ay~~rog~ica l.!.var'J at 1ons.may_J~_e.J..tuHab le:fciillhi s"stat,stfca 
~-~S.s;;: .. analy~;; · · 

__ A _tolerance. _interval_ establishes. a concentration. range tliat 1s con
_structed to _contain~ a· specif_ied proportion· (P:J:) oLthe population with· a 
specified_ ·confidence· coefficient, . Y:. ·The proportion of... the population 
1ncl_uded,P, is referred to as the coverage. The probab11itY.'•iith which.the 
tolerance interval includes_the proportion P% of the population 1s referred to 'as the.tolerance coefficient~ - __ ;·_-_ · · . ·_:: -· -~-·.· .· ::~~ . :.. . . . . . - ~ . .: ::. . .. . . ' .. 

·:, .. ~A- coverage. of_ 95%_ .1sjeco~nded. ,If_ l;his Js .used, rand011 _observations 
·0111 the same_d1str1but1oi:l·as_the~background well .data woulc:j'exceed.the upp~r 
;"' ~ ... ..;· ·-.,. ·'··'~-·~······, ,,_ '··~ ·•- _ •.•• •,1 -.... J• ~-~ ........... ~.-.· ~-

r< I". 
r~: v· (•' 
t>·-· 
r 



•.- 'I 0 '• ' 

• ~ ,. •• ' • ~ 0 ~ • ~ ,• I - t. • - . 0
0 • ' ,. - .·- .. .. - • - • - • • ~ O, ~ - '- t. 'lO ... t ... ~ .... :: 

to1er·anc(1Jm1t·_1_ess -~han s~ ot: .the time.;· S_lruilarly, a tol_erance _coefficie_t\t 

of 95% 1s recoll111ended •. - This means_ that. one has a confidence:_level:·of 95%: that 

th_e:- upper 9_5% to 1 erance)1m1 t will~ con til 1 n at: 1 east_ 95% of- the. d i s'tri but 1 on of 

observations. froru background _we1.1 data·~ These: values were. chosen to be. con

sistent· with· the performance standards· described_ ln: Section 2. ·The use· of 

these values corresponds. to the selection· of- .. of 5~-in. the 1111Jlt1ple· well 

testing situation. . .c_·_. _-. __ . ... . . . 

The procedure can be applied with. as few. as three observations from the 

background d1stri_bu~_i_o,n. ""HO'oi~yer,_~o.ipg_,so. wo_ul_q_ res,uJ~;..,1n.,a_ .l~rgf _upp_er .-. 

~? ler_a~_c~,J imj t. -~~~~-1-~~ ~ 1 ~'!..I?C '!~gp~, ~?.r;. I'IICl!~l!<,res.Hl~s,_ ~ !,!)-_adequate·. _toJer.,~-' 

~!!lfe~,fl)!~.rvN:S, T~e;. ~-i OJ !IIi~: s ~ 1 tng;_ s~_li-~di,IJ e;;._c_a),l_ed, for..__ir,Uhe'~ r_efu lat i.~ns .• 

~u_ld_: re~uJ t: in __ at,:_l 1!!-S t, four;,_ob_servati o_l')s_from each· background well. Only if 

a. ·single baclcground·well is sampled at ·a single point. in time is the sample_ 

size so small as to make use of the procedure· questionable; · ·. · 

Tolerance intervals can be constructed assuming that. the data or the 

transformed data are normally distributed. Tolerance intervals ca.n also be 

constructed as sum1 ng other di stri but ions. It is also pes sib l e to construct 

nonparametric lole.rance intervals using only the assumption that the data came 

fronf some ·c-ontinuous· population. . However, the. nonparametric to_lerance 

intervals require such a large number of observations to provide a rHsonable .· 

coverage' and tolennce coefficient 'that _they _are _impractical ln. this 

application.. · · · ·' _ _ · ._ · . . ·.. . . . -" 
._:: ~-:'. ···*":..~·~·· ... ~~~ L 

l:he range of the concentration data in the background. well samples should·.:::-::

be cons 1 de red in determining whe~hei- the tolerance interva 1= approach should be ··;::;§) 
used, and 1f so, what- distribution 1s a.pprop~h.te. __ The background well con- --

centration'.data should,-!le·; inspected for' outliers··and:·tests of. normality 

applied before selecting the tole~ance interval. approach; ·_rests of normality 

were presented; in Section 4.2. Hote that in this· case,. the test of normality 

would· be applied to the background well' data that are used to construct the 

tolerance· ·interval. · These data 'should. all be· (i--oru. the same·: normal 
di stributioni · · · · ' -- --.. . · : '- · · · · ' -

. 
•"'!- v- ....... _, ..... -~_,_ .... _ ..... ~ . -· .. - . -:.- ·- -- ··~ ... 

_ __II!· tf!ts":~~P..ltc:;,tJoN:.~!ll~s- P,_H _i_$.:, bet~g, .. '?O-~tttl.T.M.~ ... ~.£~1J ct~~.JoJ~~nc_7} 

; _· .i !lte'Q' ~ l,.ori,_~r:t~pp_er.;. t_9J.!rM.f,!!.;.1Jru! ~-Jil'J~s.i.~ed~l,~}.n:;l!;.~!l!!~~!P.~ ~to;:Jrt~:i n~Ji · 
-CC~!~~-PY-: }ar.g~_; .!=.OJ1..£.~ntr_!.t,1 ?!'J.f.o_f:.!;li!!.:.. ~-~~r_c[q_ust CSJJlS~i tuents. mo_l'\ttor~d ~~- T~u s; 

~for· concentrations,· the a.ppropr_iate toler!nce'.interval 1s. (0;. TL), with .. the 

J compa.rison· of. importance being· tl-ieJarg·er:lfmi_t,' Tl:~ -, .. __ -; · · · :_ ·· · 
~- .. --- ·-' -·.-"' _.·.·- . !" ·: . --. ~· •. .:. • -.. . • ·- .. • :: .. 

. ~ .. 

PURPOSE •. 

- '·· .:.-.... ~···· .· _,.: . .... :---·· . -' .. ··, ......... ~ :·,··- ' :. 
- The_ purpose_ of the tolerance interval approach is _to define a concentra-

tion range froru background_ well data; within_which·ll. large'proportion of:, the 

monitoring observations should fall with high probability~-~ Once this is done, 

data' frol'll _complla.nce wells· un be checked for evidence ·of contamination· by n1 
simpl_i determining whether they. fall in the toler!nce inter·val.:c. If they do !J 
not, this is evidence· of contamination. · -.· ·· · · - - · 

. . . . 

- ·.-' ·~·· -... ;; _.-.... :... _ .. ··~ .--!'<::__.:~~-;~- y,:-,.;·~_. ;:, .. .: .. ·· ....... :. •. 

·In this case· the data are assumed to. be': approximately_ norma11y _d1strib::. 

uted~ - Seetfon 4.2. provided methods to check for·"nonnality~~ If the data· are · 

-· •. 
.. 



-~::--::::~~=:--:-:----:--:---:---:::---~-:-:--:-c- ~~ - - -
-~ -!:!;:,"'Y}"!.~)_;::-~ ·-~~.-T ;,;;-.·:-. ___ ~·~:-.. - ··.:::· 
~ ,_ ·.: . 

}\ :y 

~t nonnal, take the natur_al logarithm .of the data and see if.the transformed 
data are appro-ximate'ly ncirnial~ -'If· so; this·meth.od'can be'us'ed ·on the loga
rithms of the data •... Otherwise,' seek .the·.:· assistance. of· a· pro,fessional statistician.-·----· .... ·--· -----· -- ., ------ -·- -- ·. -- ----- · 

PROCEDURE 
.. ~ : .. - ' :'."-;. ·- . ~ 

Step 1. - Calculate _the _mean, X, and the standard ·ae-viation, .S, from the 
background well data. 

·Step 2. Construct the one-_sided upper tolerance limit as 
- -

Tl • X + K S; 
... ,_ '... ,_ . 

- ~. 

• • :1 - < . :. . . . . • . -~ 
where K is the one-sided normal tolerance factor found in Table 5, Appendix B. 

-:\·. 
Step 3; -. Comp;r~ 'each obs-ervat'io~-from compliance wells :to the tolerance 

limit found in· Step 2. ~._If any observation exceeds the tolerance ·limit, that 
is statistically significant evidence that the well is contaminated. Hote 
that if the tolerance interval was constructed on the logarithms of the orig
inal background observations, the logarithms of the compliance well observa
tions should be-compared to 'the tolerance limit: Alternatively the tolerance 
limit may be transferred to the original data scale by taking the anti-
logarithm. · 

-~FERENCE 
. . . - -Lieberman,· Gerald J. 1958. · "Tables for One~sided 

limits.• 'Iridu3ti-iaiQualityControl.' Vol. XIV, Ho~':lo.·. · 
'.;.. ~-.--~.' :·_~ _ _. __ -.!:':' -· - • "'.-. • . • • ·- ·: -. • . 

£XA.Io!PLE · · 
. . ---: . 

Statistical· To)erance 

Table 5-5 contains example data that represent .lead concentration levels 
in parts· per ·million· in water samples ·at a hyPothetical facility. The 
background well data are in columns 1 and 2, ·while the other four columns 
represent compliance we 11 data. · -· · · ·· 

Step 1. The mean and standard deviation of the n • 8 observations have 
been calculated for the background well. The mean is 51.4 and the standard 
deviationis-16.3. · ,-.. J_ '·'-· -- •• ----- ....... ··::.··--·:_~- .. ---

- Step 2.- Th·e tolerance· factor- for a one-sided normal tolerance interval 
is found frolil. T~le 5, ·Appendix B as 3.188. This is for 95% coverage with 
probability 95% and for n • a.·· The upper tolerance JiMit'is then calculated 
as 51.4 ;+· (3.188)(16.3) :._103.4. >- · · ·: _ - - - ·. ·- · .-.:. . . . ·• -· . :.. . , / -~ . .' . ~ ' -. . . . . - -- : : . 

Step 3.:~ The· tolerance·· fiiuit of 1o3:J .is compared .;..ith:the· ·conipl ia~ce 
w~ll data. ''Any value'that eXceeds the _toleranceJim1t indicates statistically 
s ignifi ~ant: evidence: of. ci:mtami n'at1on. ·.~;·.Two "observations . frOlll. Well. 1, tw~ 
obser\iaticins'fn:illl ·we11;3,--ind all 'four ·ob-ser\iatioris··frolll We11:4 .exceed .the 
tolerance' 11rait.:·''Thus there' 1S ·stat1st1cally'sfgn1ffcant' evidence'.of .ccin..,, 

~iriatton~at.~We11s' li:J;~WJ~.- :·-.. : .. :• .. - ·: _:·.:: .·; ·· · ·:::~:;:·-, 0·:~~-';;,-.': .-.. :::~~ /" ~.., !·: -.. -sJ~--··:: ... .l ':..·.-····4·.J::... . ~---~ -· ........ · 
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_._. -·-· --·· -:.~ ·:_ ......... ,4- ~·'-: .... __ ...... : .. ·:·:' ;~ ... ~-._,.._ !-·;._._ ·:::>·:.: _·!;-::-:-. -·-
-, - :- · ' -TABLE, S-5~-. EXAMPLE. DATA FOR NORMAl TOLERANCE· INTERVAL • , ·• •· · • .... .-.·.:·. :.~_ ~·· :-'-·:·· .. ~~-_·:.-·.· .. -... -.... -. __ ~-~ ·-: ... _-_·_ .. _:___ . -~ ... :- ._ .. ··.:...~ -.. ; .. ~-:= 

. ~-: _ .... 

Lead conci~t~ations. (ppm) 
........ 

-Compliance wells Background we 11 
. : A· B well I wen z , we 11 3 we 11 4 - · Date . :. ~ ~-

Jan r· 58.0'' 46.1 '273.1* 34.i 
.:. .. 

49.9· 225.9" 
. Feb 1 . 54.1 76.7 170.7* 93.7 73.0 . 183.1• 

Mar 1 30.0 32.1 32.1 70.8 244.7* 198.3" 
Apr l 46.1 68.0 53.0 83.1 202.4• 160.8+ . 

n • 8 The upper 95~ coverage tolerance limit 
Mean • "'51.4 with tolerance coefficient of 95% is 
- so • 16.3 51.4 + (3.188)(16.3) • 103.4. 

+ Indicates contamination . . ;.. : 

IKTERPRETATIOH 

A tolerance limit with 95~ coverage gives an upper bound below.whicli-95% 
of the' observations. of the distribution should fall;. The tolerance coeffi- ~~ 
cient used here= 15 95~;- firiplying that at_ ieast. 95~ of_ th( obskiations should -.!... 

fall bela.t the tolerance 'limit with probability_ 95~, ·if-· th'e '"compliance well 
data come from the same distribution as the background data •. In other-words, 
in this ex amp 1 e, we are 95~- certain that 95% of the bacliground 1 ead conc-entra
tions are below 104 ppm. If. observations exceed· the tolerance limit, this is 
evidence that_ the comp11ance'we11 data are not from_ the same· distribution, but 
rather are from a distribution with higher concentrations. This -lS inter-
preted as statistically significant evidence of contami~at_1on~ " :.: ;-

.?:.L--~~~nsn~~~)HI~~~~-1 .. ·= :, . __ ;_ -" _ ~. _. . ,3. . . _ ~-:- .. 

- A: prediction ~ntenafif'a ~stat1sti'ca-1:.1~ter~~l :c~l~fit-~·d:'t~~_-1;,--cl~-d~ one 
or ll!Ore· future observations frora the same population· with a ·specified confi
dence. ThiS approach is algebraically. equivalent .. to: the average replicate 
(AR)' test that is presented_ in· the' Technical': Enforcement Guidance' Document 
()EGO); September. 1986 •. - • In. g_round~water, 1110nitor_fng,.., a_. predi<;tion_ intervaJ 
approach· may' be· used- to make ·comparisons" between, background., and · comp11 ance 
well data. . This method of analysis· is similat _to that· for calculating a 
tolerance limit, ~ familiaritY w_1th- prediction_iJ!tervals- or personal. prefer-
ence 'would be thL only-reason' for selecting tlieni. over.· the' method for tolerance 
limits~·, nie ·concentrations_ of;-a_hazardous. constitue!lt; i_n the ba.ckground wells 
are used to establish an' intervar with1n'which I(' future· ooservations from. the 
same 'p'opul at ion; are_. expected _to' 11 e: with: a, spec1f_1ed.'CO!If;,qenc~; ]lien. each· of 
K future ·observations· of· comp11ance·we11: concentrations: 1s, compared-to the· 
prediction interval/ The interval h constructed tc(contaln all of K future 

~- - . . . . . ..,, . . .· . . . 

.. -
~-· 

s~zi 
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It. should be noted th.at- the· nonpar11111etric ~-ethods p.rese~ted earlier ·i~t~~ 
mat1ca11y deal with values below detecJion by' regard1.ng them .• as:alLtJeiLat a 
1 eve ~b~ 1 ow ..!DYA--quant t;H_e.e,oJ:e~-~t~~ .~fi:e!h.'O_e,P,F'amet"t)c ";·t~lf.LJ 

Rf"ciJ.ts]'!;,moderatel.~ynttofldatA ~beJ~~c~1o_n •. If the proportion of non
quantified values In the data exceeds 25%, these methods should be used with 
caution. They should probably not be used If less than half of the data con-
sists of quantified concentrations. . . . ·· ·- .. · · -

. - - ..... ~·. 

''. 
8.1.1 The OL/2 Method : 

' . -
The amount of data that are below detection plays an Important role iri,. 

selecting the .method to deal with the limit of detection problem. If a small
proportion of the observations are not detected, .. these may be replaced with a 
small number~ usually the method detection limit divided by 2 (MOL/2), and_the 
usual-' analysis performed. = This Is the reconrnended method for use with the 
analysfs·of various procedure _of Section 5:2.1. . Seelc professional help I~ In 
doubt about deilllng with values below detection limit. ·The results of. the 
analysIs are generally not sens It 1ve to the spec! fie choice of the repl acemerit 
number. 

_ , :. is1¥g~~~r;,ff ~§~:om~we:r:.~~r~ijil~~u ...... §t~~~a.=Ai:.~.pl t~il 
them ;:with -the' ~~~~~~o~~t:iU!,~AY . o" anhPLQC~d~tth~t~~ ~ 

~app_r.e,P.!:! ate_.t~~-~nis~us.!_ng-;; th~S..!!J ~g!fieg:r:!.~Jyes.: Pract lea 1 quanti tat len 
limits (PQL) for Appendix IX compounds were published by EPA .in the Federal 
Register (Vol 52, Ho 131, July 9, l987,_pp 25947-25952) •. These give practical 
~uantitatfon· limits ·by compound and ,analytical method that~ may be u~ed fn 
replacing' a. small. amount of nondetected datiL with the. qua.'ntltation limit 
divided by 2. If approved by the Regional Administrator, site- Sped fie PQL' s 
may be used in this procedure. If more than 15% of the values are reported as 
not detected, it Is preferable to use a nonparamet~ic method or a test of pro
portions. 

~ 8.1.2. Test o•f Proporti~ns 

·-
_) 

Ir f lrno&'tt~ai1.:so% 'qf~pe' 'd-ati :;,i;·(..b~ 1 o\t ~7e_t~~i0n· "bq!i!~il'F~!.,liiijq! i-$hM 
Tobservat Ions fare "quanf1fled;f~$t:0L_proportions_.may be usea J:o ,comp~re the, 
[bae~g:E.':lld ~ti'l:d.4.~i!tii -'-~!.:.f~f!ilii t~!!crnll'..d';ih~-c1 early-;-i f none~O'f -~tne· 

background""Well "observations were above the detection limit, but all of the 
compliance well observations were above the detection limit, one would suspect 
contamination. -In· general the dl(ference may not be as obvious.· However, a 
higher proportion of quantitated values .In compliance wells could provide evf-:-, 
dence of contamination. ··The test of proportions 1s a method. to determine 
whether a difference in proportio~ of_ .detected .values .in the background well 
observatioris~and compliance well observations provides statistically signiff-:-
cant evidence -Of CC-ntamfnatiO!'l• _ _ : ·. . , . - · .. 
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be appropriate when. the_ number: c:lf. det!!cted. compounds, is qu~ ·. ~ small. relative 
to: t~e.,. numbet": of}. co~~l!.r:d_~: a_nalyzed ~_for .-._as,,, might.-. oc~ -~ .J n.:; detection 

. monitoring. , . - ·. · - • ·· · . ·· ~ . , •. , . .. . .. . . ... . ... 
~.PU~~~. --·~ : . . ·;_-··.;···c··~>;:·: ~- :-. ; .. ,._ '.. . ~ ··:· , . :·,.~·~: .. ~· 

The· t·est. 'of_· pro port 1ons. determ1 nes. whether the .proport·i-on of· ~ompounds 
detected in the compliance ;;ell data differs significantly from the proportion 
of compounds detected in the background well data. If there is a significant 
difference, this it statistically significant evidence of contamination. 

~~~ 
-~tT . 

The procedure uses the norinal distribution approximation to the binomial 
distribution···· This assumes that the sample size is reasonably large.· Gener~ 
ally, if the proportion of detected values is denoted by P, and the sample 
size is· n, then the normal appr:oximatlon .is adequate, provided that nP and 
n(l-P)' both' are greater than or equal to 5. 

. . . - - ~ -

Step 1. Determine X, the number of background well samples 1n which the 
compound was detected. Let n be the total number of background well samples 
an~lyzed~. · Compute _the propor,t:o~ of dete;cts: · · .~----, -.... 

.. ·:,: · · . · ·. Pu ~- x/n.. . _ . 

· Step 2. ·oetem1ne 'f; th{numtier'of~~~plianc~ welts~les ln. w_hfch t.he 
compound was. detected. let M. be. the tot a 1 ·number. of coinp li ance we 11: sa.mp 1 es 
analyzed. Compu.te. the proportion of detects: · · . _ 

. - .. -<. pd.~ "y/11 .. 
I '• • 

Step 3. Compute the standard error of the difference in proportions: 

s0 • ( ( (x+y)/(~) )[ l - (x+y)/(n+m) )[ 1/n + i/m)} l/Z 
~ # • • - "' • • ... :- ,...: - •••• >? 

a.nd"foT'll!_th_e sta~lstlc: , .~:~·'·.' ·,<'- .· -~ :~;-~.- '':., 
:1" .. _.·.· -.~ .•. ·' r.::··z'~-(~ -~~ p )';s·~:·;:~:. ·,: .. :..;,_ : .. ;..: ,. 

. ":·. : ~-- ... '>: ~- -~-'~ d. ~-~- ' ...... i ~- ;~: ..... . 

· ·:· Step·' 4:·c _Compare the absolute value· of Z to. the 97 .~th percent!l e- from. .. 
the standard nonnal". distribution, 1.96. If· the· absolute· value o(. Z- exceeds 
1.96~ th1s: pro":1des_statlstica11y. significant evidence·.a~ the 5~. sfgniUcance 
lever that the· proportion o' compliance ;;ell· samples where the compound ;;as 
detected' e.iceeds. the prop<irtion. of. backgrpuncf .,·eJ.r ·samples:_._where_. the compound 
was· detected. · Thf's· would be Interpreted as· evidence of.. contam.inatior,., (The 
two-s.ided test is used to provide infonut1on· about differences In either 
di~~?:o~~~ , : < ........ , . . .. . , 
,.. ~ ,. a • -.!.. '!J • • • • • • .; • • • : :' '•.. • • "- \.,11 

~~~~ ;~~--- .r~J·~ .. _:.~·-; ·.: #-~ • ~-- • _- ~ - - - ~,-.-:. -- -~: ·-,~:_, -_- /: ~-~ -. __ .. ~;-~:/~~--~ _i 
-·~ Table: a:.z contains data on cadmium concentrations measured;1n background' 

well a.nd' complh.nce: wells·. at. a' fac111ty •. In. the table, "SOL". ·1s used for. 
be lew' detecticirFllmlt;,: · '"· , - · · · · · · .. · · · · · · 
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TABLE 8-2. EXAMPLE DATA FDR.A TEST OF PROPORTIONS :: · ... 
' .· .. 

' ' ·.':Cadmium co~centratlon (~g/L) 
at background well 

Cadmium concentration (~g/L) 
at compliance wells 

c 

: (24 samples) 

' 0.1 SOL 
0.12 SOL 
BOL*. BOL 
0.25 SOL 

. BOL 
0.1 

. BOL 
. 0.014 

SOL 
SOL 
SOL 
SOL 
SOL .. 0.12 
BOL 
0.21 
BOL 
0.12 
BOL 
BOL· 

(64 samples)· . . ~ . 

0.12 
0.08 
BOL-
0.2 
BOL · . 
0.1 
BOL 
0.012 
BOL 
BDL ' 
BDL 
BOL 
BOL' · 
0.12 

. 0.07 
BOL 
0.19 
BOL 
0.1 
BOL 
0.01 
BDL 

. BDL 

BDL 
BOL 
BOL 
0.11 
0.06 
BOL 
0.23 
BDL 
0.11 

. BOL 
0.031 
BOL 
BOL 
BOL 
BDL . 
BOL 
0.12 
o.oa 
BDL 
0.26 : 
BOL 
0.02 
BDL 

... 
BOL means below detection limit. 

.. : .. 
. . -. ·, 

8-.5: 

0.024 
BOL . 
BDL.·· 
BOL 
BOL 
BOL 
0.1. 

. 0.04 . 
BOL 
BOL 
0.1 
BOL 
0.01 
BOL 
BOL 
SOL 
SOL .. 
BOL 

'· 

' 

-. . ._ 



_ Step 1. Estimate' tlie. -p-roper-don·- abo~e: -detection in- the background 
· wells.· As shown. in Table. 8-Z, .. there were- 24- samples from: background wells 

analyzed for cadmium;· so n• 24; -Of these·,· 15-were bel~ detectio'n and x • a 
were above detection, so Pu.• 8/24.'!.0.333. · · 

· Step Z. · Esti~ate_- th~ -p~portion abov.e d~t~ction in the comp11ci.nce 
wells._ There were 64 samples from compliance wells analyzed for. cadmium, with 
40 below detection and 24 detected values. This gives m • 64, y • 24, so Pd • 
24/64 • 0.375.. . . . . -

Step 3. ,·Calculate the standard error of the difference In proportions. 

s0 • _(l(S+24)/(24+64)Jil-(8+24)/(24+64)l(1/24 +l/64))1/Z. o.115 

Step. 4. 
dIs tr i but ion. 

F OT'lll the statistic Z and compare it to the norma 1 

z • 0.375 - 0.333 • 0 37 
0.115 . 

which is less in absolute value than the value from the normal distribution, 
1.96. Consequently, there is no statistically significant evidence that the 
proportion of samples with cadmium levels above the detection limit differs in 
the backgrou~d ~ell and compliance well samples. 

IICTER.PRETATIOH . 

si'nce the proportion' of water samples with detected amounts of cadmium in 
the compliance wells was not significantly different from that in the 
background wells, the data are interpreted to provide no evidence of contam
ination. Had the proportion of samples with detectable levels of cadmium in 
the compliance wells been significantly higher than that in the background 
wells this would have been evidence of contamination. Had the_ proportion been 
significantly higher· in the background wells, additional study would have been 
required. This could indicate that contamination was _migrating from' an off
site source, or it could mean that the hydraulic·gradient had been incorrectly 
estimated or had changed and that contamination was occurring from the facil
ity, but the ground-water flow was not in the direction originally estimated. 
Mounding of contaminants in the ground water near the background wells could 
also be a possible explanation of this observance. 

j a~ 1~ Jt_co~~"-! sr~o<ftl-
rf a confidence interval or a tolerance interval based upon the normal 

distribution fs being constn.~cted, a technique presented· by Cohen (195g) 
specifies a method to adjust the sample mean· and sample standard deviation to 
account for data below the detection ·!mit. The only requirements for the use 
of this technique is that the data are normally distributed and that the 
detection limit be always the same. Thfs technique is demonstrated below. 

\ I 
.. / 

--
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SLOPE STABILITY ANALYSIS 

Purpose: 

The purpose of the slope stability analysis is to determine if the final cover will be stable for 

the post-closure conditions. The conditions that were analyzed included short-term stability, 

long-term stability, and stability under earthquake loads. 

Approach: 

The slope stability analysis was performed using the following approach: 

STEP 1 

• 

STEP 2 

Identify the critical slope stability profile. 

The southwest corner of the landfill cover was determined to be the critical 
slope. The final cover is on a 4H:1V slope for a height of 18 feet (Elevation 
1078 to Elevation 1 096). The profile is estimated from the boring logs for 
MW-4A and B-9. 

Determine shear strength parameters. 

The shear strength parameters for the materials that will be affected by the final cover 
placement and fill are shown in Table 4-1 of the report and are discussed in the 
attached section entitled 'Shear Strength Parameters.• The materials considered are as 
follows: 

• Fine-grained foundry waste 

• Foundry sand 

• Final cover 

No laboratory shear strength tests were performed on these materials; therefore shear 
strength parameters were determined using empirical relationships based on Atterberg 
limits and Standard Penetration test resu~s. The relationships between empirical 
formulas and shear strengths are based on extensive testing on soil. The shear 
strength of the waste was assumed to behave similarly to soil because the waste 
materials should have similar characteristics as the soil. If, during placement of the fill, 
equipment operations become difficult, further testing of the waste will be required. The 
basis for the values is presented in the section entitled "Shear Strength Parameters." 

STEP 3 Perform calculations using computer program PCSTABL4. 

2169.30:RTE:ASF1116 
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Methodologies: 

The slope stability analysis was performed using a computer software program to evaluate the 

three conditions. The computer program, PCSTABL4, developed at Purdue University, was 

used to perform the iterative task of identifying the worst-case failure surface for each 

condition. PCSTABL4 uses a two-dimensional static limit equilibrium method to determine a 

factor of safety against failure. The program utilizes the ModHied Bishops Method for circular

shaped failures. The earthquake loading used in the program is described in the following 

paragraph from the users' manual. 

The use of earthquake coefficients allows for a pseudo-static representation of earthquake 

effects within the limiting equilibrium model. This method is applicable for use in low-seismic 

areas, such as the Alliance site. A direct relationship is assumed to exist between the 

pseudo-static earthquake force acting on the sliding mass and the weight of the sliding mass. 

Specified horizontal and vertical coefficients are used to scale the horizontal and vertical 

components of the earthquake force relative to the weight of the sliding mass. Positive 

horizontal and vertical earthquake coefficients indicate that the horizontal and vertical 

components of the earthquake force are directed leftward and upward, respectively. Negative 

coefficients are allowed. 

Assumptions: 

Failure Mode - The failure mode considered for the stability analysis was a rotational failure of 

the soil subgrade, natural formations, and various wastes. 

Profile - The cross section selected to be analyzed represented a worst-case profile with 

regard to slope stability. 

The cross section examined was for the southwestern corner of the landfill. The slope was 

4H:1V for a height of 18 feet. The subsurface conditions were obtained from boring logs B-9 

and MW-4A. 

2169.30:RTE:ASF1116-
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Seismic Impact- The Seismic Impact Zone described in OAC 3745-30-07(C)(11) was 

considered in the design of the landfill. The landfill is located in an area with a 90 percent 

probability that an earthquake with a 0.1 gram horizontal acceleration will not be exceeded in 

250 years. Figure 3 shows the location of the srte and the horizontal acceleration. 

Factor of Safety - The minimum allowable factor of safety (FS) for a slope failure was 1.3 for 

the static case and 1. 0 for the dynamic case with low hazard potential (Huang, 1 983). These 

values were established as a design basis for circular slope failure. 

Water Level - The water level used for the slope stabilrty analysis was obtained from the 

geologic cross section(s) contained in the Groundwater Qualrty Assessment Plan in 

(Appendix J). 

Results and Recommendations: 

The resu~s of the slope stability analysis for the construction of the final cover and fill are as 

follows: 

Short-term conditions FS = 1.4 

• Long-term conditions FS = 2.5 

• Earthquake load FS = 1.7 

Based on the resu~s of the slope stabilrty analysis, the subsurface materials will support the 

final cover construction. 
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Run Date: 

** PCSTABL4 ** 

by 
Purdue University 

--Slope Stability Analysis-
Simplified Janbu Method of Slices 

or Simplified Bishop Method 

Time of Run: 
Run By: JDH 
Input Data Filename: ASFSWST.STA 
Output Filename: ASFSWST.OUT 
Plotted Output Filename: ASFSWST.PLT 

v~ ~>19'1 

PROBLEM DESCRIPTION ASF SOUTHWEST CORNER OF FINAL CLOSURE 
THROUGH MW-4A AND B-9 SHORT-TERM 

BOUNDARY COORDINATES 

7 Top Boundaries 
22 Total Boundaries 

Boundary X- Left Y-Left X-Right Y -Right Soil Type 
No. (ft) (ft) (ft) (ft) Below Bnd 

1 . 00 - 84.00 20.00 ' 78.00 1 
2 20.00. 7 8. 00 . 70.00 78.00 - 1 
3 70.00 . 78.00- 142.00 96.00 - 1 
4 142.00- 96.00 - 159.00- 98. 00 - 1 
5 159. 00 . 98.00. 188. oo· 100. oo· 1 
6 188. 00 - 100.00- 219.oo· 102.00 1 
7 219.00. 102.00. 240.00- 103.00 1 
8 .00· 84.00 20.00 . 73. oo· 3 
9 20.00- 73. oo· 30.00 73 .oo· 3 

10 30. 00 - 73.00 . 70.00 73.00. 2 
11 70.00 73.00- 142.00- 91.00. 2 
12 142.00 - 91.00 . 159.00· 93.00 .. 2 
13 159.00- 9 3 . 00 . 188.00- 95.00 2 
14 188.00· 9 5 . 00 . 219.00- 97.00 2 
15 219.00- 97.00 - 240.00- 98.00 . 2 
16 . 00 72.00 . 70.00 .. 72.00 4 
17 70.00 - 72.00· 215.00- 77. 60- 4 
18 215.00 - 77. 60 - 240.00- 77. 60 - 4 



1 

l 

l 

19 .00 68.00 23.00 45.00. 
20 23.00. 45.00 215.00 45 .00 
2l 215.00- 45.00 240.00 45 .00 
22 .00 45.00 23.00. 45 .00 

ISOTROPIC SOIL PARAMETERS 

5 Type(s) of Soil 

Soil Total Saturated Cohesion Friction Pore Pressure 
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant 

No. (pcf) (pcf) (psf) (de g) Par am. (psf) 

1 115.0 115.0 .0 30.0. .00 .0 
2 105.0 115.0. .0. 33. 0 - .00 .0 
3 125.0 . 125. 0 - 2000.0 .0 .00 .0 
4 90.0- 90.0 - 500.0. .0 . .00 .0 
5 130. 0 - 130.0 2000. 0 - 20.0- .00 .0 

l PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 

Unit Weight of Water 62.40 

Piezometric Surface No. l Specified by 3 Coordinate Points 

Point X·Water Y-Water 
No. (ft) (ft) 

l .00 75.00 
2 215.00 76.00 
3 240.00 76.00 

A Horizontal Earthquake Loading Coefficient 
Of .000 Has Been Assigned 

A Vertical Earthquake Loading Coefficient 
Of .000 Has Been Assigned 

Cavitation Pressure = .0 psf 

2 
5 
5 
5 

Piez. 
Surface 

No. 

l 
l 
l 
1 
1 



A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

1300 Trial Surfaces Have Been Generated. 

50 Surfaces Initiate From Each Jf 26 Points Equally Spaced 
Along The Ground Surface Between X 20.00 ft. 

and X~ 70.00 ft. 

Each Surface Terminates Between 
and 

X 
X 

142.00 ft. 
240.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y ~ .00 ft. 

10.00 ft. Line Segments Define Each Trial Failure Surface. 



l 

Following Are Displayed The Ten Most Critical Of The Trial 
Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 

* * Safety Factors Are Calculated By The Modified Bishop Method * * 

Failure Surface Specified By 21 Coordinate Points 

Point X-Surf Y -Surf 
No. (ft) ( ft) 

1 36.00 78.00 
2 43.20 71.06 
3 51.03 64.84 
4 59.42 59.40 
5 68.29 54.77 
6 77.55 51.02 
7 87.14 48.16 
8 96.95 46.23 
9 106.90 45.24 

10 116.90 45.21 
11 126.86 46.13 
12 136.68 47.99 
13 146.29 50.78 
14 155.58 54.47 
15 164.48 59.04 
16 172.90 64.42 
17 180.78 70.59 
18 188.02 77.48 
19 194. 59 85.03 
20 200.40 93.16 
21 204.99 101.10 

Circle Center At X - 112.3 , y- 150.0 and Radius, 104.8 

*** 1.418 *** 

Failure Surface Specified By 24 Coordinate Points 

Point X- Surf Y- Surf 
No. (ft) (ft) 

1 40.00 78.00 
2 47.74 71.67 
3 55.94 65.94 



4 64.55 60.86 
5 73.52 56.44 
6 82.80 52.71 
7 92.33 49.69 
8 102.07 47.41 
9 111.95 45.87 

10 121.92 45.09 
11 131. 92 45.06 
12 141.89 45.79 
13 151.78 47.28 
14 161.53 49.51 
15 171. 08 52.47 
16 180.38 56.15 
17 189.37 60.52 
18 198.01 65.56 
19 206.24 71.24 
20 214.02 77.53 
21 221.29 84.39 
22 228.03 91.78 
23 234.18 99.66 
24 236.29 102.82 

Circle Center At X - 127.3 y - 176.8 and Radius, 131.8 

*** 1. 418 *** 

1 
Failure Surface Specified By 24 Coordinate Points 

Point X- Surf Y -Surf 
No. (ft) (ft) 

1 36.00 78.00 
2 43.76 71.70 
3 51.98 66.00 
4 60.60 60.93 
5 69.58 56.53 
6 78.87 52.82 
7 88.40 49.81 
8 98.14 47.53 
9 108.02 45.99 

10 117.99 45.20 
11 127.99 45.16 
12 13 7. 97 45.87 
13 147.86 47.33 
14 157.61 49.54 
15 167.17 52.46 
16 176.49 56.11 
17 185.50 60.44 
18 194.16 65.43 



19 202.42 71.07 
20 210.24 77.31 
21 217.56 84.12 
22 224. 35 91.46 
23 230.57 99.29 
24 232.85 102.66 

Circle Center At X~ 123.5 ; Y 177.9 and Radius, 132.8 

*** 1.419 *** 

Failure Surface Specified By 22 Coordinate Points 

Point X- Surf Y -Surf 
No. ( ft) (ft) 

1 42.00 78.00 
2 49.39 71.26 
3 57.37 65.23 
4 65.86 59.96 
5 74.81 55.49 
6 84.13 51.87 
7 93.75 49.12 
8 103.57 47.27 
9 113.53 46.33 

10 123.53 46.31 
11 133.49 47.21 
12 143.32 49.03 
13 152.95 51.74 
14 162.28 55.33 
15 171. 25 59.76 
16 179.76 65.00 
17 187.76 71.00 
18 195.18 77.71 
19 201.94 85.07 
20 208.00 93.03 
21 213.30 101.51 
22 213. 36 101.64 

Circle Center At X ~ 118.7 , y 154.7 and Radius, 108.5 

*** 1.421 *** 

1 



Failure Surface Specified By 21 Coordinate Points 

Point X- Surf Y- Surf 
No. (ft) (ft) 

1 36.00 78.00 
2 43.26 71.12 
3 51.14 64.96 
4 59.56 59.57 
5 68.45 54.99 
6 77.73 51.27 
7 87.32 48.45 
8 97.14 46.54 
9 107.09 45.57 

10 117. 09 45.53 
11 127.05 46.44 
12 136.88 48.29 
13 146.49 51.05 
14 155.80 54.71 
15 164.72 59.23 
16 173.18 64.56 
17 181.09 70.68 
18 188.40 77.51 
19 195.02 84.99 
20 200.92 93.07 
21 205.71 101.14 

Circle Center At X ~ 112.4 
' 

y ~ 151.4 and Radius, 106.0 

*** - 1. 421 *** 

Failure Surface Specified By 22 Coordinate Points 

Point X- Surf Y -Surf 
No. (ft) (ft) 

1 48.00 78.00 
2 55.40 71.28 
3 63.38 65.25 
4 71.87 59.97 
5 80.80 55.47 
6 90.10 51.79 
7 99.70 48.97 
8 109.51 47.03 
9 119.45 45.98 

10 129.45 45.82 
11 139.42 46.57 
12 149.29 48.22 
13 158. 96 50.75 



l 

14 168.37 54.14 
15 177.43 58.36 
16 186.08 63.38 
17 194.24 69.17 
18 201.84 75.66 
19 208.83 82.81 
20 215.15 90.57 
21 220.74 98.86 
22 222.56 102.17 

Circle Center At X ~ 126.1 
' 

y 156.6 and Radius, 

*** 1.421 *** 

Failure Surface Specified By 23 Coordinate Points 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
ll 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

X-Surf 
(ft) 

32.00 
39.61 
47.71 
56.27 
65.22 
74.50 
84.06 

- 93.82 
103. 72 
113.71 
123.71 
133. 65 
143.47 
153. ll 
162.50 
171. 58 
180.29 
188.57 
196.37 
203.63 
210.31 
216. 36 
219.05 

Y -Surf 
(ft) 

78.00 
71.51 
65.65 
60.48 
56.02 
52.30 
49.34 
47.18 
45.81 
45.25 
45.51 
46.58 
48.45 
51.11 
54.55 
58.74 
63.66 
69.26 
75.52 
82.40 
89.84 
97.80 

102.00 

110.8 

Circle Center At X~ 115.6 , Y ~ 168.2 and Radius, 122.9 

*** 1.422 *** 



Failure Surface Specified By 21 Coordinate Points 

Point X- Surf Y- Surf 
No. ( ft) (ft) 

l 42.00 78.00 
2 49.14 70.99 
3 56.94 64.74 
4 65.34 59.31 
5 74.24 54.76 
6 83.56 51.13 
7 93.20 48.46 
8 103.06 46.78 
9 113.03 46.11 

10 123.03 46.44 
11 132. 94 47.79 
12 142.66 50.12 
13 152.10 53.43 
14 161. 15 57.68 
15 169.73 62.82 
16 177.74 68.80 
l7 185. 11 75.56 
18 191.76 83.03 
19 197.62 91.13 
20 202.63 99.79 
21 203.17 100.98 

Circle Center At X ~ 114.7 
' 

y 144.9 and Radius, 98.8 

*** 1.423 *** 

l 
Failure Surface Specified By 20 Coordinate Points 

Point X- Surf Y -Surf 
No. (ft) (ft) 

l 50.00 78.00 
2 57.08 70.94 
3 64.86 64.65 
4 73.24 59.21 
5 82.15 54.67 
6 91.49 51.08 
7 101. 14 48.48 
8 111. 02 46.90 
9 121.00 46.36 

10 130.99 46.86 
11 140.87 48.40 



12 150.54 50.96 
13 159.89 54.51 
14 168.82 59.02 
15 177. 22 64.43 
16 185.03 70.69 
17 192.13 77.72 
18 198.47 85.46 
19 203.96 93.82 
20 207.82 101.28 

Circle Center At X ~ 121.2 
' 

y ~ 142.3 and Radius, 95.9 

*** 1.428 *** 

Failure Surface Specified By 22 Coordinate Points 

Point X- Surf Y -Surf 
No. (ft) ( ft) 

l 44.00 78.00 
2 51.55 71.44 
3 59.64 65.56 
4 68.21 60.41 
5 77.20 56.03 
6 86.54 52.45 
7 96.15 49.70 
8 105.97 47.80 
9 115. 91 46.76 

10 125.91 46.60 
11 135.89 47.30 
12 145.76 48.88 
l3 155.46 51.31 
14 164. 9l 54.58 
15 174.04 58.67 
16 182.78 63.53 
17 191.06 69.14 
18 198.81 75.45 
19 205.99 82.41 
20 212.53 89.98 
2l 218.39 98.08 
22 220.78 102.08 

Circle Center At X ~ 122.8 ' 
y ~ 161.0 and Radius, 114.4 

*** 1.428 *** 

l 
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Run Date: 

o'd PCSTABL4 *'' 

by 
Purdue University 

--Slope Stability Analysis-
Simplified Janbu Method of Slices 

or Simplified Bishop Method 

Time of Run: 
Run By: 
Input Data Filename: 
Output Filename: 
Plotted Output Filename: 

JDH 
ASFSWLT. STA 
ASFSWLT.OUT 
ASFSWLT.PLT 

v/jy;c 1~/1 '/ 

PROBLEM DESCRIPTION ASF SOUTHWEST CORNER OF FINAL CLOSURE 
THROUGH MW-4A AND B-9 LONG-TERM 

BOUNDARY COORDINATES 

7 Top Boundaries 

22 Total B<:Jundaries 

Boundary X- Left Y-Left X-Right Y-Right Soil Type 
No. ( ft) ( ft) (ft) (ft) Below Bnd 

1 .00 84.00 20.00 78.00 1 
2 20.00 78.00 70.00 78.00 1 
3 70.00 78.00 142.00 96.00 1 
4 142.00 96.00 159.00 98.00 1 
5 159.00 98.00 188.00 100.00 1 
6 188.00 100.00 219.00 102.00 1 
7 219.00 102.00 240.00 103.00 1 ./ 

8 .00 84.00 20.00 73.00 3 

9 20.00 73.00 30.00 73 '00 3 
10 30.00 73.00 70.00 73 .00 2 
ll 70.00 73.00 142.00 91 .00 2 
12 142.00 91.00 159.00 93.00 2 
13 159.00 93.00 188.00 95.00 2 
14 188.00 95.00 219.00 97 .00 2 
15 219.00 97.00 240.00 98. 00 2 
16 .00 72.00 70.00 72 .00 4 

17 70.00 72.00 215.00 77. 60 4 
18 215. 00 77.60 240.00 77. 60 4 



l 

l 

1 

19 .00 68.00 23 .00 45 .00 
20 23 00 45.00 215 .00 45 00 
21 215 .00 45.00 240 .00 45 00 
22 .00 45.00 23 .00 45 .00 

ISOTROPIC SOIL PARAMETERS 

5 Type(s) of Soil 

Soil Total Saturated Cohesion Friction Pore Pressure 
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant 

No. (pcf) (pcf) (psf) (de g) Par am. (psf) 

l 115.0 115.0 .0. 30. 0 . .00 .0 
2 105.0 115.0. .0 3 3. 0- .00 .0 
3 125.0 125.0 .0 33. o- .00 .0 
4 90. 0 . 90.0 •' .0 30.0' .00 .0 
5 130.0 130.0 2000.0 20.0 .00 .0 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 

Unit Weight of Water 62.40 

Piezometric Surface No. l Specified by 3 Coordinate Points 

Point X- Water Y-Water 
No. ( ft) (ft) 

l .00 75.00 
2 215. 00 76.00 
3 240.00 76.00 

A Horizontal Earthquake Loading Coefficient 
Of .000 Has Been Assigned 

A Vertical Earthquake Loading Coefficient 
Of .000 Has Been Assigned 

Cavitation Pressure = . 0 psf 

2 
5 
5 
5 

Piez. 
Surface 

No. 

1 
1 
l 
1 
l 



1 

A Critical Failure Surface Searching Method, Using A Random 

Technique For Generating Circular Surfaces, Has Been Specified. 

1300 Trial Surfaces Have Been Generated. 

50 Surfaces Initiate From Each Of 26 
Along The Ground Surface Between X 

and X ~ 

Points Equally Spaced 
20.00 ft. 

Each Surface Terminates Between 
and 

X 
X 

70.00 ft. 

142.00 ft. 
240.00 ft. 

Unless Further Limitations Were Imposed, The Miniun.un Elevation 

At Which A Surface Extends Is Y ~ .00 ft. 

10.00 ft. Line Segments Define Each Trial Failure Surface. 

Following Are Displayed The Ten Most Critical Of The Trial 
Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 

* * Safety Factors Are Calculated By The Modified Bishop Method '' '' 

Failure Surface Specified By 10 Coordinate Points 

Point X-Surf Y -Surf 
No. ( ft) (ft) 

1 70.00 78.00 
2 79.97 78.81 
3 89.90 79.99 
4 99.78 81.52 
5 109.60 83.40 
6 119.35 85.64 
7 129.01 88.23 
8 138.57 91.17 
9 148.01 94.45 

10 156.36 97 .69 

Circle Center At X~ 52 .5 y 354.3 3nd Raclius, 276.9 

*** 2.463 



Failure Surface Specified By 14 Coordinate Points 

Point X- Surf Y- Surf 
No. ( ft) (ft) 

1 46.00 78.00 
2 54.00 72.00 
3 62.77 67.20 
4 72.14 63.70 
5 81. 91 61.58 
6 91.89 60.87 
7 101.86 61.59 
8 111.63 63.73 
9 121.00 67.23 

10 129.76 72.04 
ll 137.76 78.05 
12 144.81 85.14 
l3 150.78 93.16 
14 153.02 97.30 

Circle Center At X ~ 91. 8 y 130.8 and Radius, 69.9 

2.601 

1 
Failure Surface Specified By 13 Coordinate Points 

Point X- Surf Y-Surf 
No. (ft) (ft) 

1 52.00 78.00 
2 60.26 72.36 
3 69.25 67.99 
4 78.79 64.97 
5 88.66 63.37 
6 98.66 63.23 
7 108.57 64.54 
8 118. 19 67.28 
9 127.30 71.39 

10 135.73 76.78 
ll 143.27 83.34 
12 149.78 90.93 
l3 153.87 97.40 

Circle Center At X ~ 94 .7 y 131. 6 and Radius, 68.5 



*** 2.606 *** 

Failure Surface Specified By 13 Coordinate Points 

Point X- Surf Y -Surf 
No. (ft) ( ft) 

1 52.00 78.00 
2 60.21 72.29 
3 69.19 67.89 
4 78. 73 64.91 
5 88 .62 63.41 
6 98 .62 63.44 
7 108. 50 64.98 
8 118 .03 68.02 
9 126.99 72.46 

10 135. 16 78.22 
11 142.37 85.15 
12 148.44 93.10 
13 150.57 97.01 

Circle Center At X - 93.4 
' 
y- 128.8 and Radius, 65.6 

2.606 

1 
Failure Surface Specified By 14 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) ( ft) 

1 44.00 78.00 
2 52 .01 72.02 
3 60.80 67.24 
4 70.18 63.78 
5 79.96 61.71 
6 89.94 61. OS 
7 99.91 61.84 
8 109.67 64.05 
9 119.00 67.64 

10 127.72 72.52 
11 135.65 78.62 
12 142.63 85.78 
13 148.50 93.87 
14 150.12 96.96 



Circle Center At X 89.5 ; y 130.5 and Radius, 69.5 

2.609 

Failure Surface Specified By 14 Coordinate Points 

Point X- Surf Y -Surf 
No. ( ft) (ft) 

1 48.00 78.00 
2 55.91 71.88 
3 64. 60 66.93 
4 73. 89 63.23 
5 83. 61 60.87 
6 93 .56 59.87 
7 103 .55 60.28 
8 113' 39 62.07 
9 122 .88 65 '21 

10 131.84 69.64 
11 140.10 75.28 
12 147.50 82.02 
13 153.88 89' 71 
14 158 .99 98.00 

Circle Center At X~ 95.7 , y 131.5 and Radius, 71.7 

*)\;* 2.610 *** 

l 
Failure Surface Specified By 15 Coordinate Points 

Point X- Surf Y- Surf 
No. (ft) ( ft) 

l 46.00 78.00 
2 54.02 72.03 
3 62.75 67.15 
4 72' 03 63.43 
5 81.72 60.95 
6 91.65 59' 73 
7 101.65 59.81 
8 111.55 61.18 
9 121. 20 63.81 

10 130 '42 67.67 
11 139 '07 72 .69 
12 147.00 78.78 



1 

l3 
14 
15 

154.08 
160.19 
162.80 

Circle Center At X = 

2. 611 

85.85 
93.77 
98.26 

96.0 ; y 136.9 and Radius, 

Failure Surface Specified By 13 Coordinate Points 

Point X- Surf Y- Surf 
No. (ft) (ft) 

1 44.00 78 .00 
2 52.50 72. 73 
3 61.62 68 .63 
4 71.21 65.80 
5 81.09 64.27 
6 91.09 64.07 
7 101.02 65.21 
8 110.72 67.67 
9 119. 99 71.41 

10 128.69 76.35 
11 136.65 82.40 
12 143.72 89.47 
l3 149.37 96.87 

Circle Center At X = 87.5 y 138.7 and Radius, 

2. 613 *** 

Failure Surface Specified By 13 Coordinate Points 

Point X-Surf Y-Surf 
No. ( ft) ( ft) 

1 54.00 78.00 
2 62.61 72.91 
3 71.84 69.05 
4 81.51 66.51 
5 91.43 65.32 
6 101.43 65.51 
7 111.31 67.08 
8 120. 88 69.99 
9 129.95 74.20 

77. 3 

74.7 



10 138.35 79.62 
11 145.93 86.14 
12 152.54 93.65 
13 155.11 97.54 

Circle Center At X ~ 95 .1 y 137.6 and Radius, 72.4 

2.615 

Failure Surface Specified By 14 Coordinate Points 

Point X-Surf Y- Surf 
No. ( ft) ( ft) 

1 40. 00 78.00 
2 48 . 34 72.49 
3 57 .32 68.09 
4 66 .79 64.87 
5 76. 60 62.90 
6 86.57 62.20 
7 96.55 62.78 
8 106.38 64.64 
9 115.89 67.74 

10 124. 92 72.03 
11 133.33 77.45 
12 140.97 83.89 
13 147.73 91. 2 7 
14 151. 87 97.16 

Circle Center At X ~ 87.0 y 140.1 and Radius, 77.9 

*** 2.615 *** 

1 
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Run Date: 

'h' PCSTABL4 ,ht 

by 
Purdue University 

--Slope Stability Analysis-
Simplified Janbu Method of Slices 

or Simplified Bishop Method 

Time of Run: 
Run By: 
Input Data Filename: 
Output Filename: 
Plotted Output Filename: 

JDH 
AS FSWEQ. STA 
ASFSWEQ.OUT 
ASFSWEQ.PLT 

PROBLEM DESCRIPTION ASF SOUTHWEST CORNER OF FINAL CLOSURE 
THROUGH MW-4A AND B-9 EARTHQUAKE 

BOUNDARY COORDINATES 

7 Top Boundaries 
22 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) ( ft) ( ft) Below Bnd 

1 .00 84.00 20.00 78.00 1 
2 20.00 78.00 70.00 78.00 1 
3 70.00 78.00 142.00 96.00 1 
4 142.00 96.00 159.00 98.00 1 
5 159.00 98.00 188.00 100.00 1 
6 188.00 100.00 219.00 102.00 1 
7 219.00 102.00 240.00 103.00 1 
8 .00 84.00 20.00 73.00 3 --9 20.00 73.00 30.00 73.00 3 

10 30.00 73.00 70.00 73.00 2 
11 70.00 73.00 142.00 91.00 2 

12 142.00 91.00 159.00 93.00 2 
13 159.00 93.00 188.00 95.00 2 
14 188.00 95.00 219.00 97.00 2 
15 219.00 97.00 240.00 98.00 2 
16 .00 72.00 70.00 72 .00 4 
17 70.00 72.00 215 .00 77 .60 4 

18 215.00 77.60 240.00 77 .60 4 
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1 

l 

23.00 45 .00 
215 .00 45 .00 

19 
20 
21 
22 

.00 
23.00 

215. 00 
.00 

68.00 
45.00 
45.00 
45.00 

240. 00 4~ 
). 00 

23 .00 45 00 

ISOTROPIC SOIL PARAMETERS 

5 Type(s) of Soil 

Soil Total Saturated Cohesion Friction Pore Pressure 

Type Unit wt. Unit l.·lt. Intercept Angle Pressure Constant 

No. (pcf) (pcf) (psf) (de g) Par am. (ps f) 

l 115.0 115.0 .0 30. o- .00 .0 
2 105.0- 115. 0 ~ .0 3 3. 0 - .00 .0 
3 125.0 125.0- .0 33.o- .00 .0 
4 90. 0 - 90.0. .0 30.0 .00 .0 
5 130.0 - 130.0. 2000.0 20.0 .00 .0 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 

Unit weight of water 62.40 

Piezometric Surface No. l Specified by 3 Coordinate Points 

Point X- water Y-Water 
No. (ft) (ft) 

1 .00 75.00 
2 215.00 76.00 
3 240.00 76.00 

A Horizontal Earthquake Loading Coefficient 
Of .100 Has Been Assigned ~ 

A Vertical Earthquake Loading Coefficient 
Of .000 Has Been Assigned 

Cavitation Pressure = .0 psf 

2 
5 
5 
5 

Piez. 
Surface 

No. 

l 
l 
l 
1 
1 



1 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

1300 Trial Surfaces Have Been Generated. 

50 Surfaces Initiate From Each Of 26 
Along The Ground Surface Between X 

and X = 

Points 
20.00 
70.00 

Equally Spaced 
ft. 

Each Surface Terminates Between 
and 

X 
X 

ft. 

142.00 ft. 
240.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y ~ .00 ft. 

10.00 ft. Line Segments Define Each Trial Failure Surface. 

Following Are Displayed The Ten Most Critical Of The Trial 
Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 

* '' Safety Factors Are Calculated By The Modified Bishop Method * ;, 

Failure Surface Specified By 10 Coordinate Points 

Point X-Surf Y- Surf 
No. (ft) (ft) 

1 70.00 78.00 
2 79.97 78.81 
3 89.90 79.99 
4 99.78 81.52 
5 109.60 83.40 
6 119.35 85.64 
7 129.01 88.23 
8 138.57 91.17 
9 148.01 94.45 

10 156.36 97.69 

Circle Center At X = 52.5 ' 
y 354.3 and Radius, 276.9 

1.693 



Failure Surface Specified By 18 Coordinate Points 

Point X- Surf Y-Surf 
No. (ft) ( ft) 

1 22.00 78.00 
2 30.17 72.23 
3 38.84 67.26 
4 47.96 63.14 
5 57.42 59.90 
6 67. 15 57.59 
7 77. OS 56.21 
8 87 .04 55.78 
9 97 .03 56.31 

10 106 .92 57.78 
ll ll6.62 60.19 
12 126.06 63.51 
l3 135. l3 67.72 
14 143.76 72.77 
15 15 l. 8 7 78.63 
16 159.38 85.22 
l7 166.23 92.51 
18 171. 14 98.84 

Circle Center At X~ 86 .5 y 160.6 and Radius, 104.8 

)(** 1.709 *~r* 

l 
Failure Surface Specified By 17 Coordinate Points 

Point X- Surf Y- Surf 
No. (ft) (ft) 

l 26.00 78.00 
2 34.11 72.15 
3 42.78 67.17 
4 Sl. 92 63.10 
5 61.42 59.99 
6 71.19 57.87 
7 8l.l3 56.76 
8 91.13 56.68 
9 101.09 57.62 

10 no. 89 59.58 
ll 120 .45 62.53 
12 129 .65 66.45 
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13 138 .40 71.29 
14 146 .61 77.00 
15 154. 19 83.52 
16 161. 06 90. 79 
17 167.02 98. 55 

Circle Center At X = 86. 9 y 154.0 and Radius, 

*** 1.710 *** 

Failure Surface Specified By 18 Coordinate Points 

Point X-Surf Y- Surf 
No. ( ft) (ft) 

1 28.00 78.00 
2 36.23 72.32 
3 44.99 67.49 
4 54.17 63.54 
5 63.71 60.52 
6 73.49 58.46 
7 83.43 57.38 
8 93.43 57.29 
9 103.39 58.19 

10 113.22 60.07 
ll 122.80 62.91 
12 132.06 66.69 
13 -140.90 71.37 
14 149.24 76.89 
15 156.98 83.22 
16 164.06 90.28 
17 170.41 98.00 
18 170.96 98.82 

Circle Center At X ~ 89. 4 ' 
y 158.1 and Radius, 

l. 713 

Failure Surface Specified By 19 Coordinate Points 

Point 
No. 

l 
2 

X-Surf 
( ft) 

20.00 
27.85 

Y- Surf 
( ft) 

78.00 
71.81 

97.4 

100.9 



3 36.28 66.43 
4 45.21 61.92 
5 54.54 58.32 
6 64. 18 55.67 
7 74. 04 54. 00 
8 84. 02 53 .32 
9 94. 01 53. 64 

10 103 .93 54. 96 
11 113.66 57 .26 
12 123.11 60.52 
13 132.19 64.71 
14 140.81 69.78 
15 148.88 75.68 
16 156.32 82.37 
17 163.05 89.76 
18 169.02 97 .79 
19 169.58 98.73 

Circle Center At X = 85.8 y 153.4 and Radius, 100.1 

*** 1. 713 

Failure Surface Specified By 17 Coordinate Points 

Point X- Surf Y- Surf 
No. (ft) (ft) 

1 30.00 78.00 
2 38.21 72.28 
3 46.95 67.44 
4 56.16 63.52 
5 65.71 60.57 
6 75.52 58.62 
7 85.47 57.68 
8 95.47 57.78 
9 105.41 58.90 

10 115. 18 61.03 
11 124.68 64.16 
12 133.80 68.25 
13 142.46 73.26 
14 150.56 79.12 
15 158.01 85.79 
16 164. 73 93.20 
17 168. 77 98.67 

Circle Center At X ~ 89.6 y 154.8 and Radius, 97.2 

·k-J:·-k 1. 714 *** 



1 
Failure Surface Specified By 17 Coordinate Points 

Point X- Surf Y-Surf 
No. (ft) ( ft) 

1 28.00 78.00 
2 36.00 72.00 
3 44.61 66 '91 
4 53.72 62.80 
5 63' 24 59' 72 
6 73.03 57.70 
7 82.99 56' 77 
8 92.99 56.94 
9 102. 91 58.20 

10 112 .63 60. 55 
11 122 .03 63. 96 
12 131.00 68.37 
13 139 '43 73' 75 
14 147.22 80,02 
15 154.28 87.10 
16 160.51 94.92 
17 162.61 98.25 

Circle Center At X ~ 86.5 
' 

y ~ 147.6 and Radius, 90.9 

)\;-)<;)'~ l. 714 ~bb'\ 

Failure Surface Specified By 18 Coordinate Points 

Point X- Surf Y -Surf 
No. (ft) (ft) 

1 24.00 78.00 
2 31.81 71' 75 
3 40.24 66.37 
4 49.19 61.92 
5 58.57 58.46 
6 68.27 56.02 
7 78.17 54.63 
8 88.17 54.31 
9 98.14 55.06 

10 107.98 56.88 
11 117.56 59.73 
12 126.78 63.60 
13 135.54 68.43 
14 143' 73 74.17 



l 

15 151.25 80. 75 
16 158.03 88 .10 
17 163.99 96 .13 
18 165. 34 98 .44 

Circle Center At X ~ 86.2 
' 

y 147.6 and Radius, 

l. 717 

Failure Surface Specified By 19 Coordinate Points 

Point X- Surf Y -Surf 
No. (ft) (ft) 

l 26 .00 78.00 
2 34. 07 72' 10 
3 42. 67 66.99 
4 51.72 62' 73 
5 61.13 59.35 
6 70.82 56.88 
7 80.70 55.34 
8 90.68 54' 75 
9 100.68 55.12 

10 110.59 56.43 
11 120.33 58.69 
12 129.81 61.86 
13 138.95 65.92 
14 147.66 70.83 
15 155.87 76.55 
16 163.49 83.03 
17 170.46 90.20 
18 176.71 98.00 
19 177.55 99.28 

Circle Center At X ~ 91.9 ;Y 159.6 and Radius, 

l. 718 

Failure Surface Specified By 18 Coordinate Points 

Point 
No. 

1 
2 

X-Surf 
(ft) 

26.00 
34.42 

Y- Surf 
(ft) 

78.00 
72.61 

93.3 

104.9 



3 43.30 68 .00 
4 52.56 64. 22 
5 62.12 61. 29 
6 71.90 59 .23 
7 81.84 58 . 07 
8 91.83 57.82 
9 101.81 58 .47 

10 lll .69 60 .02 
ll 121. 39 62 .45 
12 130 .83 65 .76 
l3 139.93 69 .90 
14 148.61 74. 86 
15 156.82 80.57 
16 164.47 87.01 
17 171.51 94.11 
18 175.67 99.15 

Circle Center At X~ 89.7 ; Y 168.2 and Radius, 110.4 

l. 719 

l 
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-=~====~~----------------SHEET OF-l../{1----744 Hearvand Tra1l P 0 Bo¥ 3923 ·Vad.'son W153708-8923 t6081 831-4444 FAX. (608! 831-3334 

NAME 

'?T 

B- l& 

I OQQ 
I! 

o., (-\" 3<> 3 "2. -

'0., 1"1-"' 3 5- 4 ""2. r 

f'I "'"e = Z ~--±-~ 
"Z... 

4- / 

(.. 7 

= 

£,-"] (!?~ (;/It) 

Bac.-\.- ~ C P'o q ju) 

~"' 17_ \ ) c.>c.>O f _) I "t 
=- s=q.A· -

\.<>-lv..x ep. y c-.c,-\" ;~ L,ol('>< ( f1:) 
h~ ll.Z! - .. t-J~It~ 

Z-4- s 

l"C1\>\e.2-\ -
~ .. "'"''4'd""''-w QU£1. \, ~ 
As~.:,y'l\.4-\.~ \''-" "\ 

(P'b 4-/~t) 

zs 



COMPUTATION SHEET !lilli/ll!NC 
~~~========~~---------------------------------SHEET------------~~~--OF __ u_ __ __ 
744 Heartland Tra1! P 0 Bcx 8923 MadiSOr W/53708-8923 1608) 831-4444 FAX (608) 831-3334 

PROJECT/ PROPOSAL NAME 

!-'\SF 

0\ \i\cl C:DLtVSC.. 

' ' _\,~,!~\1)~} -( t ·,1 ;-\. ( (._o\1.(1 ( 

0'1\ 

E'Mf'"~" I ,-,...l~-h_~II~V\;1" 
e {+--~+--~ ~ -(,, < -~,;,,., "'" 0 1 _.. 

WI'..!- -z. 10 <' ,;+-,.., '1- II P1 = Cj 

Vi'\w- 3 ()( ,-lh Z3-Z5 fi ="II 
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/'r 1 >.J - ! ""L o~r't., Is- ZL n ~ 1'3 

v11 u- rs ~?,.-.+>, r· I i-l'l f'l = lo 

I) 

/ 

/ 

'b" ll;.\tC"cl \/r'l-1. -\.e t \/I,_ i 

LO'LA. v S "--- ,~~'-1"11/\~ot 
c - ~ 
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!JilJJlt COMPUTATIO~ 
~~~==========~------------------------------------SHEET--------------~~~_ OF I I 

SHEET 

744 Heartland Trar! P 0 Box 8923 Maa:son. WI 53708-8923 608i 831·../444 FAX (508) 831-3334 

NAME 

c~, .In"' ' _(, \ \ '--\, j <. :.L-t j {lott..f. 'M \\ 

(- \\I·,(_ -\-\c.(\ 1'/V) j'!_ ~ ._ "' '\At~< 

C.c--\V~\OA, Cit 2_ I C)C!)CJ \"_I V\"W' 

PROJECT PROPOSAL NO. 

ZIG'1,3o 

'Ao-\ t,C' ~ "(.)\...\ ( \.1\ 
0 

ot -z.o· qi'\1 < 

'IJt' l.f\ lA -,~:-~ - lheoe --

\1\ \o 

f"Nt.VI\ ~<! 

{',, ( 'ue A 1 oc 't. • 



MW-1 3 to 5 ML Weathered rock 1-17-58-24 33 7 

MW-2 9 to 11 sc Spoils 16-35-32-17 29 9 17.4 X 1 a·' em/seC 

MW-3 I 23 to 25 I CL Spoils 4-10-52-34 34 11 

MW-12 I 15 to 22 I CL Spoils I 6-24-41-29 I 32 I 13 

MW-13 I 19 to 24 I GC Spoils I 37-30-17-15 I 29 I 10 

B-15 I 30 to 32 I CL Foundry \'jaste I 53-47 I 46 I 22 

B-18 I 10 to 22 SM Foundry sand 1-72-26-1 

B-18 I 35 to 42 CH Foundry waste 47-53 I 54 I 27 

MW-1, MW-2, MW-3 analysis by Bowser-Morner, 1985. All other analyses by RMT Soils Laboratory, 1992. 

* 1-17-58-24: Percentages of gravel, sand, silt, and clay, respectively. 53-47: Percentages of gravel plus sand & silt plus clay. 

LL = Liquid limit. 
PI = Plasticitv index. 

6 1 OLA v--.J VJq \.e J Gh, I \ ' t "'/ A. '-~C _: ~ (/V./\ t t' l '\VI 

+ 

2169.02 OOOO:RTG:sebr1204.t 2-7 
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LOG BORING NO. MW-4A 
F·203 (R 01·87) SHEET NO. 1 OF 1 

PROJECT NAME ASF-Chromite Sand Borin2s PROJECT NO. 2169.02 

LOCATION Sebrin2 Landfill INSTALLATION 08/08/91 
CONTRACTOR R&R International SURFACE ELEV. 1083.0 
DRILLING METHOD 

GENERAL NOTES 

DATE STARTED AUG 8 91 
DATE COMPLETED AUG 8 91 
RIG CME 75 
CREW CHIEF E. Pucci 
LOGGED R. Welch CHECKED 

HSA 4 1/4 BOREHOLE DIA. 6.5 IN. 

V1SU AL CLASSIFICATION 
AND GENERAL OBSERVATIONS 

WATER LEVEL OBSERVATIONS 

WHILE DRILLING~ ____ 7t......,_O ..:F...._t. ___ _ 
AT COMPLETION I __________ _ 
AFTER DRILLING 
CAVE·IN: OATE/TIME _____ OEPTH _____ _ 

~ATER: DATE/TIME DEPTH 



II 
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BORING NO. B-9 
F·2D3 (R D1 ·87) SHEET NO. 1 OF 1 

PROJECT NAME ASF-!:hrQmite Sand Borin~s PROJECT NO. 2169.02 

LOCATION 
CONTRACTOR 
DRILLING METHOD 

I ss 13 12 M 

2 ss II 6 w 

3 ss 4 4 w 

4 ss 6 12 w 

GENERAL NOTES 

Sebrin~ Landfill INSTALLATION 05/23/91 
R&R International SURFACE ELEV. 1089.6 

5 

10 

15 

25 

30 

35 

HSA 4 1/4 BOREHOLE DIA. 6.5 IN. 

VISUAL CLASSIFICATION 

AND GENERAL OBSERVATIONS 

), 
fine, dark gray, with brick, scrap metal, iron rod, 
(Foundry Sand). 

Same as surface except very fine to fine sand, trace 
yellow sand. 

Light gray sand as above with coarse sand and fine 
gravel (broken concrete or cast), loose, saturated 
(water ran out of sampler). 

LEAN CLAY (CL), brown, soft, (sludge). 

WATER LEVEL OBSERVATIONS 

DATE STAR TED __ ..!):M!tA!..!Y;....2;,;.3t..;9:u1 __ _ WHILE DRILLING~ ___ __,So..,.,_O LF.ut. ___ _ 

AT COMPLETION ~ ---------
AFTER DRILLING 

DATE COMPLETED -~M~A:l..Y!....!..23"-.Z.9.._1 __ 

RIG ______ ~!:&MuE~75L-------

CREW CHIEF T. BrQmley CAVE· IN: DATE/TIME--------- DEPTH------------

LOGGED B. Socha CHECKED WATER: DATE/TIME DEPTH 
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TABLE 6 
V\IY\-1 

Typical Values of Soil Index Properties 

Particle Size and Gradation 

__, 
~ 

1 
N 
N 

GRANULAR MATERIALS 

Unlfol'lll Materials .. Equal spheres 
(theoretical values) 

b. Standard Ottawa SAND 

'· Clean, ...-.1 !om~ SNID 
(fine or medt .... ) 

d. Unl form, inorganic 

SILT 

Well-graded Materials .. Slhy SAND 
b. Clean, fine to coarse 

SA/Ill 

'· Hicact.!OJ& SAND 

d. Silty SAND & GRAVEL 

HlXfD SOILS 

Sandy or Silty CLA'i 
Skip-graded Silty OJ..Y 

vlth stones or rk fgmts 

Wel 1-graded CAI.AVEL, SAND, 
SILT & CLAY mixto~e 

O.AY SOILS 

CLAY (JOZ-50% clay st~s) 

Colloidal a.Jo.Y 
(-0.002 mm: 50%) 

ORCANlC SOILS 

Org;H, ·ILT 
O~ganl.i LLAY 

(JOZ - Yll clay sizes) 

ApproxUnate 
Size Range 

c-> 

·~ Dm1n 

- -
0.84 0.59 

- -
0.05 0.005 

2.0 0.005 

2.0 0.05 

- -
100 o.oos 

2.0 0.001 

2SO 0.001 

2SO 0.001 

0.05 O.SJJ. 

0.01 101 

- -
- -

-

~'~~o::~~~::~~t:~""'"'fi~5·••tAQi'_~ __ :;,. --~ • 

Approx. 

""'""" Approx. Un1fol'lll 

ow Coefficient 

c-> c.. 

- 1.0 
0.67 1.1 

- 1.2 to 2.0 

0.012 1.2 to 2.0 

0.02 5 to 10 

0.09 4 to 6 
- -

0.02 IS to 300 

0.003 10 to 30 

- -

0.002 25 to 1000 

0.001 -
- -

- -

- -

Votds(l) 

Void Ratio 

e •a •min 
loose· 1 dense 

0.92 - O.JS 

0.80 0.75 0.50 

1.0 O.BO 0.40 

1.1 - 0.40 

0.90 - 0.30 

0.95 0.70 0.20 
1.2 - 0.40 

0.85 - 0.14 

1.8 - 0.25 

1.0 - 0.20 

0.70 - 0.13 

2.4 - 0.50 

12 - O.bO 

J.O - o.ss 

4.4 - o. 70 

Unit We1ght(2') (lb./cu.ft.) 

~nhm~T~t;>d 

Porosl ty (%) 
flry I.Je l~ht iJ~ t ,, .. l,dll 

1,.:" I )'h < 

100% 

ln. ln. "'" ""'· """ Min H~ M1n ""' 
loose 1 aense =>< AASMO dense loose dense loose dense 

4 7.6 ,. - - - - - - -

" JJ " - JJO 93 131 57 " 
so 29 BJ "' JJ8 84 136 " )) 

52 29 80 - JJ8 81 1Jb " )) 

47 23 87 122 127 .. 142 " 79 

.. 17 8S m 138 6b 148 " 6b 

" 29 7b - 120 77 138 48 7b 

4b 12 89 - 146(31 90 1 sse~ Sb 92 

64 20 bO 130 m 100 "' 38 8S 

so 17 84 - 140 115 lSI SJ 89 

41 II 100 140 Jt.s'"'' "' 15&(4) b2 94 

" JJ so lOS 112 94 I)) 31 " 
92 37 I) 90 lOb " 121! 8 bb 

" ,35 40 - 110 87 IJ1 25 69 

81 41 30 100 81 m 18 b2 ~ -
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100 FOUNDATION ANALYSIS AND DESIGN 

ble 3-2 Empirical values for </>, D, and unit weight of granular soils based on the 

ndard penetration number with corrections for depth and for fine saturated sands. 

Very 

I Jescription Very loose 

I 
L~" I Medium 

I 
Dc:nse 

I 
dense 

Relative density D, • 0 0.15 0.35 0.65 0.85 1.00 

Standard penetra- I I I I 
tion no. N 

'Tr~~r 
((}-4() 20---70 > 35 

Approx. angle I I 
of internal 

friction .P"t 25 -10" 27-32 ..t~z: "2-l~ 3 35° JHO' 38-43° 

Approx. range 

of moist unit 

weight J", pcf I 7G--100t I 90---115 I ll0---130 I 110-140 I 
130-150 

(kN/ml) (11-16) (14---18) 111-20) (11-22) (20-23) 

• Depends on Pu ranging from 70to 500 k Pa. Low value of N corresponds to lesser p,. 

t After Meyerhof(l956). ¢ = 25 + 25D. with more than 5 percent fines and¢= 30 + 25D, with less than 5 

-cent fines. Use larger values for granular material with 5 percent or less fine sand and silt. See also Eq. (4-10) for 

imate of¢. 
tIt should be noted that excavated material or material dumped from a truck will weigh 70 to 90 pd. 

ilterial must be quite dense and hard to weigh much over 130 pd. Values of 105 to 115 pcf for nonsaturated soils 

:common. 

than 15 as 
N' = 15 + !{N - 15) (3-5) 

Bazaraa (1967) also made a recommendation for correcting N in these soils as 

N' = 0.6N (3-5a) 

where N > 15. The rationale for these corrections was that the soil must be dense 

if the blow count is greater than 15; therefore, the volume displacement at a high 

penetration rate of the SPT would produce high pore pressures which would 

further increase the blow count. It appears that not many persons use any correc

tion for the blow count in these soils at present. 

The penetration test in gravel or gravelly soils requires careful interpretation, 

since pushing a piece of gravel can greatly change the blow count. Generally if 

one uses a statistical average of the blow count in the stratum from the several 

borings, either excessively high or very low (pushing a gravel or creating a void 

space) values will be averaged out so that approximately the correct blow count 

can be estimated for design. 

The SPT was originally developed for cohesionless soils so that samples 

would not have to be taken. The test has evolved to the current practice of 

routinely determining N for al1 soils supplemented with on-site determinations of 

q" for cohesive strata. The test is usually performed every 2.5 ft or 1 m of depth 

starting at about 2.5 ft or 1 m below the ground surface. The boring is extended 

• ---1 \-,.,,_,. ... ;,-kh of the foundation below the 

EXPLORATION, SAMPLING, AND IN SITU SOIL MEASURI 

Table 3-3 Empirical values for q,. • and consistency of cohesive soils based on 

penetration number. 

Very 
Ver) 

Consistency soft Soft Medium Stiff stiff 

q~. ksf 0 0.5 - to 1 20 :---40 

(kPa) (25) (50) (100) (200) 

N, standard 

I I J ~,',e l I penetration 
resistance 0 2 4 16 

Y .. ,, pcf I 
]()(}_.]10 1 ttQ-tJO I 12Q-t4 

(kN/m 3
) (1&-19) (17-20) (19-2~ 

- ---
I 

• These values should be used as a guide only_ Local cohesive samples should be tested, lJ 

between Nand the unconfined compressive strength qwestablished as qw = KN. 

estimated foundation base. Sometimes the borings are extended to bed 

ever, at greater depths the SPT may be done at 5-ft or 2-m increment~ 

"estimated" is used extensively here since these data are not precise!~ 

the time of the exploration. 

Empirical correlations, such as Table 3-2, between Nand various~ 

ties have been made for cohesionless soils. The low values for N 

roughly to p, of 75 kPa, the higher to about 500 kPa. Tables such a 

should always be used with caution. 

Table 3-3 is an empirical correlation between Nand unconfined c 

strength. These should be used even more cautiously than for cohesi. 

It is preferable to measure q, directly on samples than use a table s 

Alternatively, a table might be developed locally which has some 

measuring q,. and N and solving 

q" = KN 

for the constant of proportionality K. The reason for poor correl 

versus N tables is that inadvertent changes in water content, execs~ 

sures during sampling, and other factors may give very low blow cou1 

10, on soils where the measured q" may be on the order of 300 to 60< 

in Table 3-3 the value of K is approximately 0.25. 

There are varied opinions on how to use N when it is obtained 

stratum of finite thickness the values may range by a factor of 2 or 

recommendations were to use the smallest value in the stratum-v. 

tainly conservative. Current thinking is to use a statistical average fo1 

several adjacent borings) and only for the zone of interest. That is, 

use the entire stratum, use that zone just above to about two time~ 

width below the footing. Of course, one should not ignore low blo\\ 

layer which may cause settlement problems. ~ -
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11.9 Slre .. 4 Deformatlon and Strengtl 

on work by Kenney (1959), Bjerru 
and Ladd, et al. ( 1977). Since tl 
"average line," you should use th 
However Fig. 11.27 is useful for 
laboratory results. 

11.9.3 Use of CD Strength in En£ 

Where do we use the strengths d 
tioned previously, the limiting dra 
test refer to real field situations. CI 
long-term steady seepage case for 
stability of excavations or slopes i1 
CD analysis are shown in Fig. I 1.. 
these analyses for stability can be 
embankment dam engineering . 

You should be aware that, 
actually conduct a CD test on a cL 
pore pressure is really induced in t 
with very low permeabilities, the r 
time required to fail the specimer: 
(Bishop and Henkel, 1962). Such a I 
the laboratory such as leakage of 
surrounds the sample. Consequent 
induced pore pressures in a consoli, 
calculate the effective stresses in the 
for obtaining the effective stress st 
axial tests are not very popular in rr 

11.9.4 Consolidated-Undrained (CL 

As the name implies, the test spe• 
valves open, obviously) under the de. 
these can either be hydrostatic or r 
After consolidation is complete, the 
specimen is loaded to failure in un 
pressures developed during shear ar 

effective stresses may be calculated ' 
test can either be a total or an effec: 
called the R-test. 

Total, neutral, and effective stn 
the several phases of the CU test are 
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SETTLEMENT ANALYSIS 

Purpose: 

The purpose of the settlement analysis is to estimate the amount of settlement that may occur 

due to add~ional filling of new waste and the construction of the final cover, and to determine 

the potential effects of settlement on the final cover system. 

Approach: 

The settlement analysis was performed using the following approach: 

STEP 1 Identify settlement profile locations. 

The profiles used in the analysis are representative of the geologic cross sections and 

boring logs from the Groundwater Assessment Plan by RMT shown in Appendix J. No 

borings were drilled through the former pond area; therefore, the subsurface profile in 

the CENTER AREA is an approximation based on the geologic cross sections. The 

following settlement profiles were used in the analysis: 

• 

• 

• 

• 

STEP 2 

CENTER AREA - STATION 1 05+80N, 1 02+50E - Generalized profile from 
the former pond area. The profile on the cross section shows that the first 
17 feet are composed of foundry sand. However, in the former pond area, it 
is likely that the material is fine-grained foundry waste. 

SOUTH AREA - Boring B-9- Southern area where the subsurface profile 
consists of foundry and overlying fine-grained foundry waste. 

NORTH AREA - Boring B-15 - Notthern area where the subsurface profile 
consists of foundry sand overlying fine-grained foundry waste overlying 
spoils overlying shale. 

WEST AREA - Boring B-16 - West area where the subsurface profile consists 
of foundry sand overlying spoils overlying shale. 

Determine consolidation parameters. 

No consolidation tests were performed on the materials; therefore, the consolidation 

parameters were determined from empirical relationships based on Atterberg lim~s. and 

on consolidation parameters from a similar foundry s~e in Ohio. The empirical 

relationships are based on extensive testing of soil. The waste is assumed to have 

similar characteristics to soil. The fill will be monitored for settlement during 
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construction, and the settlement results will be compared to the predicted settlement. 

Testing of existing waste will be performed if the actual results vary significantly from 

predicted resuhs. The basis for the values is presented in the section entitled 

"Consolidation Parameters." 

Foundry sand and shale are considered not to be affected by the placement of the final 

cover and fill. Foundry sand is a coarse-grained material that will not be affected by the 

loads. The interparticle forces between the coarse grains will be able to support the 

anticipated loads. Immediate settlement of the foundry sand will occur during the 

placement of the fill and final cover, and thus will not affect the long-term performance of 

the final cover. 

STEP 3 Calculate settlement. 

Calculate the settlement for the various profiles under the different loads shown on the 

calculation sheets. The time for primary consolidation is assumed to be at 90 percent of 

the anticipated primary settlement, which corresponds to a time coefficient of 0.848. 

Methodologies: 

Waste settlement in the lancifill is due to primary and secondary compression of the 

waste materials. The one-dimensional consolidation equations used for this analysis are 

as follows: 

Primary Consolidation: 

!J. H. = H Cc, log [ ( e· + !J. a' ) I a,'] 

where: 

!J. HP = settlement from primary compression, 

H = thickness of waste layer, 

Cc, = primary compression index (strain basis), 

e' = inttial effective stress at the midpoint of the waste layer, and 

!J. a' = increase in vertical effective stress. 
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Secondary Consolidation: 

11 H, = H Cs, log [ t2 I t, ] 

where: 

11 H, = settlement from secondary compression, 

H = thickness of waste layer, 

Cs, = secondary compression index (strain basis), 

t2 = time elapsed since the end of primary compression, and 

t, = time to complete primary compression. 

Time Rate: t = T (H) 2 

cv 

FINAL 

Refer to the attached reference page following the primary consolidation calculations for a 

more detailed description of the formulas. 

Assumptions: 

One-dimensional primary consolidation - One-dimensional primary consolidation 

calculations are the standard of practice for settlement estimate calculations. 

Secondary consolidation - Secondary consolidation was assumed to occur after the 

installation of the final cover system (i.e., after final loading). This assumption is 

considered conservative for evaluating the potential differential settlement effects on the 

final cover system. The time for secondary consolidation to occur was assumed to be 

30 years, (i.e., long-term care period). 

Incompressible materials - The in situ material underlying the existing waste layer is 

shale. Due to the incompressible nature of shale (rock), the foundation is assumed to 

contribute no settlement due to the additional overburden materials (i.e., waste and/or 

final cover materials). 

Profile -The cross sections selected to be analyzed are representative worst-case 

profiles with regard to settlement potential (Figures 1 and 2 show geologic cross 

sections, water levels, and Final Cover and fill profiles; and Figure 3 shows the Final 

Cover detail). 
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Waste Parameters - The waste is assumed to have similar characteristics as soil. The 

determination of the parameter is shown in the 'Consolidation Parameters• section. 

Settlement Parameters -The characteristics for the fine-grained foundry waste and 

spoils are as follows: 

Fine-Grained Foundry Waste: 

Coefficient of consolidation C, = 1.0 If/day, the value for horizontal and 
vertical would be the same. 

Strain based compression index C0 , = 0.15 calculated from the 
compression curve. 

• Strain based secondary compression index C8 , = 0.0075. 

Total unit weight = 90 pet. 

Spoils (clay material\: 

• Coefficient of consolidation C, = 0.08 If/day. 

Strain based compression index C0 , = 0.118 calculated from the 
compression curve. 

• Strain based secondary compression index C8 , = 0.005. 

• Total unit weight = 125 pel. 

Soil Parameters - The characteristics of the soil materials used in the final cover system 

were estimated based on typical values for sand and clay materials published in the 

literature (see Bowles reference). The primary soil characteristic for this analysis is the 

total unit weight, which was assumed to be 115 pet. Figure 3 shows a cross section of 

the assumed final cover system considered. 

Fill Parameters - The fill material used to reach the proposed subbase grades is foundry 

sand, which has an estimated moist unit weight of 105 pet and is considered to be 

relatively incompressible. 

2169.30:RTE:ASF1116 



LANDFILL CLOSURE AND POST-CLOSURE PLAN DECEMBER 1994 
AMERICAN STEEL FOUNDRIES FINAL 

Loadings - The overburden loads are separated into two different cases as follows: 

• Final Cover and fill placed at the same time or single-phase construction. 

Final Cover placed after fill has been in place long enough for primary 
consolidation to be completed, or phased cover construction. Fill will be 
placed as it is generated at the foundry. The estimated area of filling is 
shown on Figure 4. 

Water Level - The water level used in the settlement analysis is obtained from the 

geologic cross sections (see Figures 1 and 2), w~h the exception of the CENTER AREA 

profile. The former pond area has an assumed saturated cond~ion for the fine-grained 

foundry waste. 

Results and Recommendations: 

Based on the settlement analysis, the magnitude of the settlement due to the loading would 

be as shown in Table K-1. The settlement in the south, north, and west areas would not result 

in pending of surface water or excessive strain on the recompacted barrier layer. This is due 

to the following: 

• Settlement due to the fill and final cover is lessened due to the preconsolidation of 
the compressible material from the foundry sand overburden. 

• The increase in pressure caused by the fill and Final Cover is relatively small 
compared to the existing pressure. 

However, the settlement in the center of the landfill (i.e., the location of the former pond area) 

may cause pending of surface water and may possibly strain the recompacted barrier layer. 

This is due to the following: 

• No foundry sand exists over the former pond area; therefore, the fine-grained 
foundry waste has not been preconsolidated. 

• The former pond area will have a signdicant amount of fill and Final Cover placed 
over the surface, which will resun in a higher pressure. 

The time for primary consolidation in the center area was estimated to be 
1.1 years based on the assumption for the coefficient of consolidation and the 
thickness of the fine-grained foundry waste. Prefilling the fill and allowing primary 
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consolidation to occur prior to final cover construction will reduce the magnitude 
of final cover settlement. Figure 5 shows the settlement versus time curves for 
both conditions. The effects from settlement would then be minor. 

The filling over the center area shall be performed using staged construction 
techniques. Instrumentation to measure settlement (settlement plates) and pore 
water pressure (piezometers) will be spaced on 1 00-foot spacings to control 
construction of the fill and surcharge. Information gathered from reading the 
instrumentation shall be used to rerun the settlement analysis to determine when 
the surcharge can be removed and the Final Cover constructed. Sampling of the 
fine-grained foundry waste will be performed if the settlement results significantly 
deviate from the predicted resutts. 

The maximum strain calculated for the barrier layer due to differential settlement was 

0.2 percent. The barrier layer will be able to maintain tts characteristics under this level of 

strain. 

References: 

Bowles, J. Foundation analysis and design. New York, New York: McGraw-Hill Book 
Company. 

Das, B.M. Principles of geotechnical engineering and principles of foundation engineering. 

Holtz , R.J. and Kovacs. Introduction to geotechnical engineering. Englewood Cliffs, New 
Jersey: Prentice-Hall. 

Koerner, R.M. Designing wtth geosynthetics. Second Edttion. Englewood Cliffs, New Jersey: 
Prentice-Hall. 

U.S. Navy. Design manual 7.01. Naval Faciltties Engineering Command. Alexandria, Virginia. 

2169.30:RTE:ASF1116 



LANDFILL CLOSURE AND POST-CLOSURE PLAN DECEMBER 1994 
AMERICAN STEEL FOUNDRIES FINAL 

TABLE K·1 

RESULTS OF THE SETTLEMENT ANALYSIS 

Compressible 
Material 

Thickness' Sc T .. s. Sr 
Load Area (ft) (tt) (ft) (tt) (ft) 

Final Cover and fi112 Center 44.0 5.02 1.1 yrs 0.47 5.49 

Final Cover' Center 44.0 0.63 1.1 yrs 0.47 1.10 

Final Cover and fi112 South 32.5 0.99 0.6 yrs 0.41 1.40 

Final Cover and fill2 North 30.0 0.66 0.5 yrs 0.24 0.90 

Final Cover'·• West 8.0 0 -- 0 . 0 

NOTES: 

Sc Primary consolidation 
Too Time for 90 percent of primary consolidation to occur after load placement 
Ss Secondary settlement (based on 30 years after closure) 
ST Total settlement after final cover placement 

1 Includes both fi)le-grained foundry waste and spoils. 
2 Single-phase construction. 
3 Phased cover placement. 
4 The existing foundry sand on top of the spoils has resu~ed in surcharging of this area 

resu~ing in no settlement. 
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S C,H, I p, + Ap, 'a--- og 
1 + e, p, 

S C.H, I p, + !J.p., '= --- og 1 + e. p. 

(for normally consolidated clays) 

(for overconsolidated clays 
with p, + !J.p., < p,) 

S C,H, I p, + C,H, I p, + !J.p,. =-- og- -- og ' 1 + e, p, 1 + e, p, 

(for overconsolidated clays 
with p, < p, < p, + !J.p,.) 

where p, = average effective pressure on the clay layer before the construction 
of the foundation 

!J.p,. = average increase of pressure on the clay layer caused by the founda-
tion construction 

p, = preconsolidation pressure 
e, = initial void ratio of the clay layer 
C, = compression index 

.. C, = swelling index 
H, = thickness of the clay layer 

1 1 c, .. 5 to 
10

c • 

Terzaghi -.ndP~~k (1967) s~ggest the following empirical expressions for compression index: 

for undisturbed clays 

C, = 0.009(LL - 10) 

for remolded clays 

c. = 0.007(/..L- 10) 

where U. ;;; liquid limit, .in percent 

q, X B XL 

(B + z)(L + z) 
where., ~o' ove~•" .. "t'"' I>~».JII.( 

G ~ WlbTi-4- o;! p:'otJrJC-'TIO,..... 
C....~ L..CN"m o~ ~e~u,.tDit,-I•N :a • 061"11+ oF C\.c..f'S~ f••""'r 

Note that the increase of press~re: Ap, on the clay layer is not constant with depth. The magnitude of Ap will decrease with the increase of depth measured from the bottom of the foundation. However, the average increase of pressure can be approximated by the equation 

Ap" = i{Ap1 + 4 !:.p~ + Apto) (3. 74) 
where !J.p, Ap~, and Ap1 are the pressure increases at the top, middle, nnd bottom of the clay layer that are caused by the foundation construction. 
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1-17-58-24 33 

MW-2 I 9 to 11 I sc Spoils 16-35-32-17 29 9 7.4 X 10-8 em/sec 

MW-3 23 to 25 CL Spoils 4-10-52-34 34 11 

MW-12 15 to 22 CL Spoils 6-24-41-29 32 13 

MW-13 19 to 24 GC Sooils 37-30-17-15 29 I 10 

B-15 30 to 32 CL Foundrv waste I 53-47 I 46 I 22 

B-18 10 to 22 SM Foundry sand I 1-72-26-1 

B-18 I 35 to 42 I CH Foundry waste I 47-53 I 54 I 27 

MW-1, MW-2, MW-3 analysis by Bowser-Morner, 1985. All other analyses by RMT Soils Laboratory, 1992. 

• 1-17-58-24: Percentages of gravel, sand, silt, and clay, respectiyely. 53-47: Percentages of gravel plus sand & silt plus clay. 

LL = Liquid limit. 
PI = Plasticity index. 
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8.11 APPROXIMATE METHODS 
AND TYPICAL VALUES OF COMPRESSION 
INDICES 

Because of the time and expense involved in consolidation testing, it 
is sometimes desirable to be able to relate the compression indices to the 
simple classification properties of soils. These relationships are also com
monly used for preliminary designs and estimates and for checking the 
validity of test results. 

Table 8-2 is a list of some published equations for the prediction of 
compression indices (Azzouz, Krizek, and Corotis, 1976). 

TABLE 8-2 Some Empirical Equations for Cc and Cc/ 

Equation 

C<- 0.007 (LL- 7) 
Cc( = 0.208e0 + 0.0083 
Cc= 17.66x l0- 5w,2 +5.93X I0- 3 w,

l.35 x w- 1 

C,- 1.15( e, - 0.35) 
C,- O.JO(e,- 0.27) 

c<- 0.75(e,- 0.50) 
Cc< = 0.156e0 + 0.0107 
Cc = O.Olw, 

Regions of Applicability 

Remolded clays 
Chicago clays 
Chicago clays 

All clays 
Inorganic, cohesive soil; silt, 

some clay; silty clay; clay 
Organic soils-meadow mats, peats, 

and organic silt and clay 
Soils of very low plasticity 
All clays 
Chicago clays 

•As summarized by Azzouz, Krizek, and Corotis (1976). 
Note: w11 = natural water content. 

Terzaghi and Peck (1967) proposed the following equation, based on 
research on undisturbed clays of low to medium sensitivity: 

ls_ = 0.009(LL- 10) \ (8-21) 

which has a reliability range of about :!: 30%. This equation is widely used, 
despite its wide reliability range, to make initial consolidation settlement 
estimates. The equation should not be used where the sensitivity of the clay 
is greater than 4, if the LL is greater than 100, or if the clay contains a high 
percentage of organic matter. Some typical values of the compression 
index, based on our experience and the geotechnical literature, are listed in 
Table 8-3. 

Often, C, is assumed to be 5% to 10% of C,. Typical values of C, 
range from 0.015 to 0.035 (Leonards, 1976). The lower values are for clays 
of lower plasticity and low OCR. Values of C, outside the range of 0.005 to 
0.05 should be considered questionable. 
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assumptions are admittedly an oversimplification of real behavior. For 
example, the secondary compression curves of Fig. 9.11 may not be 
actually parallel or even have a constant stope. There is some evidence that 
c. may change with time, both in the laboratory (Mesri and Godlewski, 
t 977) and in the field (Leonards, 1973). Also, the duration and therefore 
the magnitude of secondary settlement is a function of the time required 
for completion of primary consolidation (t,), and from earlier work in this 
chapter you know that the thicker the consolidating layer, the longer is the 
time required for primary consolidation. Even though the strain at the end 
of primary consolidation for both thin and thick layers is about the same 
(as shown in Fig. 9. tta), there is limited evidence (Aboshi, 1973) that the 
slopes may not be parallel and that c. may decrease as the thickness of the 

soil layer increases. Assumptions 3 and 4 are approximately correct. Assumption 3 was 
verified by Leonards and Girault (1961) and Mesri and Godlewski (1977), 
except that the toad increment must be sufficient to go well beyond the 
preconsotidation stress. The fourth assumption, that the ratio C./ C, is 
approximately a constant, has also been verified by Mesri and Godlewski 
( t 977) for a wide variety of natural soils. Their work is summarized in 
Table 9-4. The average value of Cj C, is about 0.05, and in no case did 
they find a value of that ratio to exceed 0. t. The range for inorganic soils is 
0.025 to 0.06, white the range for organic soils and peats is somewhat 
higher. They also showed that this ratio holds at any time, effective stress, 
and void ratio during secondary compression. The only exception, as 
shown by Leonards and Girault (1961, Fig. 3) seems to be the load 
increment that straddles the preconsolidation stress, o;. Obviously, many 
questions remain to be answered concerning the topic of secondary com-

pression. 
TABLE 9-4 Values of C./ C, for Natural Soils• 

Soil 
c.;c, 

Organic silts 0.035-0.06 
Amorphous and fibrous peat 0.035-0.085 
Canadian muskeg _ 0.09-0.10 

\j:.eda clay (Yn>dil · . · - iim-0.06 J 
Post-glacial Swedish clay - -~--o.OS-0.0/ 
Soft blue clay (Victoria, B.C. 0.026 o- o'O. -Organic clays and silts 0.04-0.06 

----sen5it1Ve clay, Portland, ME . 5- . 
San Francisco Bay Mud 0.04-0.06 
New Liskeard (Canada) varved clay 0.03-0.06 
Mexico City clay 0.03-0.035 
Hudson River silt 0.03-0.06 
New Haven organic clay silt 0.04-0.075 

•Modified after Mesri and Godlewski (1977). 

9.7 Evaluation of Se condary Settlement 

If, for some reason 
laboratory test d t ' you do not. 
soils, or simply u a a, you can use the 
prelim;" sean average C /C 

U"--'--Uary calculaf a c 
obtain the seconda w;s. Mesri (197: 
compression . d ry ompresston in' 

m ex and 't . 
versus natural • - I IS shown i 

We will i~::~;acontent of the soi 
9.10, 9.11, and 9.12. te how to estima 

I 00 J--r-r--;-,--.--,---~-
CD I 

10 

Wha~gamarino clay (Newlan 

@ Mex1co C"t 1 r::>1 1 Y c ay ( Leonards ;_ 

\.::V Calcareou . @) S organtc silt (Wahl 

; Leda cla.y (Crawford, 1965) 

®
@ Norwegtan plastic clay (Bjerr 

Amorphous and f"b rS\ I rous peat 
I....V Canadian muskeg (Ad 

® 
ams 1' 

/ 

Organic · ' · martne deposits (Kec 

0 

,-,----/a a ® Bostor 

@ ChicaL 

@Organ~ 
0 Organ; 

0.1 ';;-__l___l---'---L...LL'ul_,-1 -~ 
10 100 

Natural water 

Fig. 9.12 Modified 
water content. (After s~co~dary com 
references includ d . esn, 1973. Se 

e m this figure.) 



342 ConiJOIIdatlon and Consolidation Se«lements 

TABLE 8~3 Typical Values of the Compression Index Cc 

Soil c, 

Normally consolidated medium sensitive clays 0.2 to 0.5 

\~.rtyctaf(CL) :=-:=_-=-~-=-------- O.tl to 0.3 } 

Boston blue clay (CL) 0.3 to 0.5 

Vicksburg buckshot clay (CH) 0 S to 0.6 

Swedish medium sensitive clays (CL-CH) 1 to 3 

Canadian Leda clays (CL-CH) I to 4 

Mexico City clay (MH) 7 to 10 

Organic clays (OH) 4 and up 

Peats (Pt) 10 to 1 S 

Organic silt and clayey silts (ML-MH) 1.5 to 4.0 

San Francisco Bay Mud (CL) 0.4 to 1.2 

San Francisco Old Bay clays (CH) 0.7 to 0.9 

Bangkok clay (CH) 0.4 

8.12 STRESS DISTRIBUTION 

In the previous sections of this chapter when we calculated settle

ments, the increase in stress t.a caused by an applied load was given. In 

this section, we shall show you,how to estimate the stress increase in the 

soil due to boundary or surface loads. 

Suppose a very large area such as a subdivision or shopping mall is to 

be filled with several metres of select compacted material. In this instance, 

the loading is one dimensional, and the stress increase felt at depth would 

be I 00% of the applied stress at the surface. However, near the edge or <nd 

of the filled area you might expect a certain amount of attenuation of 

stress with depth because no stress is applied beyond the edge. Likewise, 

with a footing of limited size, the applied stress would dissipate rather 

rapidly with depth. 
One of the simplest methods to compute the distribution of stress 

with depth for a loaded area is to use the 2 to I (2:1) method. This is an 

empirical approach based on the assumption that the area over which the 

load acts increases in a systematic way with depth. Since the same vertical 

force is spread over an increasingly larger area, the unit stress decreases 

with depth, as shown in Fig. 8.19. In Fig. 8.19a, a strip or continuous 

footing is seen in elevation view. At a depth z, the enlarged area of the 

footing increases by z /2 on each side. The width at depth z is then B + Z, 

and the stress a, at that depth is 

load 
a, = -,-( B~+-z"'"')_X_l 

ao(B X I) 

(B + z) X I 
(8-22) 
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TABLE 9-3 Typical Values of the Coefficient of Consolidation c" 

cm2 (s, X 10 4 m2 jyr Soil 

--~~--~--~~~--------------------~40Ml~+~2~0,------rll22~+e66~~~\J,lot, 
Boston blue clay l CL) " 

(Ladd and Luscher, 1965) 
Organic silt (OH) 

(Lowe, Zaccheo, and Feldman, 1964) 
Glacial lake days (CL) 

2-10 

6.5-8.7 

0.6-3 

2.0-2.7 
(Wallace a~dOtto, 1964) 

\chicago silty clay l CL) 
) (Terzaghi and Pecj{, 1967) _ 

Swedish medium sensitive clays (CL-CH) 

8.5 -J sf 0 1iS 2.7 

~ 

NE 
~ 

u 
c' 
0 ., 
ro 
:2 
1i 
c 
0 
u 

0 
c 
0 

~ • 0 
u 

404 

(Holtz and Broms, 1972) 
I, laboratory 
2. field 

San Francisco Bay Mud (CL) 
Mexico City clay (MH) 

(Leonards and Girault, 1961) 

10 2 

0.4-0.7 
0.7-3.0 
2-4 
0.9-1.5 

Undisturbed samples: 

10-3 

10-4 

cv in range of virgin compression 

~ 

Completely remolded 

c in range of recompression 
\i~s above this lower limit 

samples: c .. lies below this upper limit 

0.1-0.2 
0.2-1.0 
0.6-1.2 
0.3-0.5 

50 

30 

20 

10 

5.0 

2.0 

1.0 

0.5 

0.3 

0.2 

160 0.1 

Liquid limit (LL) 

Fig. 9.10 Approximate correlations of the coefficient of consolidation Cv 

with the liquid limit (after U.S. Navy, 1971). 
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9.6 TYPICAL V/J 

Typical values of th 
soils are listed in Table 9-. 
limit are presented in Fig. 

9.7 EVALUATIOJ 
SETTLEMENT 

Thus far we have d 
primary settlement sc, and 
nents of total settlement as 
si and secondary settleme 
elastic theory, and it invo 
and Poisson's ratio of the c 
distribution in the soil un 
estimation of immediate s( 
textbooks and will not be , 

Secondaiy cornpressic 
started during primary co: 
slower rate. Secondary cor 
tion in that it takes plac. 
essentially all the excess pc 
settlement seems to result fr 
ual clay particles and dom; 
which are not yet clearly u: 
in the field it is difficult to 
dation settlement, especiall 
thick. Parts of the layer ne; 
dated, and therefore underg 
near the center of the layer [ 
contribute to the total surf 
order to predict the final 
However, in this section we 
acceptable for engineering p1 
and we shall show you how 
some simple cases. 

There is, unfortunately 
ture as to the best way to de 
compression. In this section, 
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CRANJJLAR MATERIALS 

Untfollll Haterials 

.. Equal spheres 
(theoretical values) 

b. Standard Ottawa SAND 

'· Clean, wl form SAND 
(f:lne or ~~edhn) 

d. Uniform, inorganic 

SILT 

Well-graded Materials 

.. Silty SAND 
b. Clean, fine to coarse 

SAND 

c. Hicaceous SAND 
d. Silty SAND & GRAVEL 

H IXED SOl L'i 

Sand);: or ~Utt 0&; 
Skip-graded Silty O..AY 

with stones or rk fgmts 

Well-graded GRAVEL, SAND, 
SILT & D...AY mixture 

CLAY SOIlS 

CLAY (JO%-SOI clay sizes) 

Colloidal a..AY 
( -0.002 IIIIQ: SO%) 

ORGANIC SO I L5 

Orxanic SILT 
Org._l.ntc ClAY 

(lll! - SOI clay shes) 
-

··.c•":"':l;• > 

TABLE 6 

1----\ 1-\ V \A c.. 
l:"'/Y\--1 

Typical Values of Soil Index Properties 

Particle Size and Gradation Voids( I) Unit Weight(<") (lb./cu.h.) 

Approx. 
~ ,.h m•· r \' ,, ,J 

Approximate ICwge Void Ri1tto Porost ty (:t) 
Dry We!~.hr \Jo•t \Jo• ! )' h t 

\.'t·l f'ld 

Size Range Approx. Unifonn 

<-> ow Coefficient 

<~> c.. 
IOOi. 

e •a •min I "max I "min Hln ""'· H= Hln H~ Min """ 
llln;j)( ""'" 

loose 1 dense 1 loose 1 dense oose MSHO dense loose densiO' loose den.~., 

~ ~ ~ 1.0 0.92 ~ 0. ]') 4 7.6 ,. ~ ~ 
~ ~ 

~ ~ ~ 

0.84 0. 59 0.67 1.1 O.BO 0. 75 0.50 44 ]] 92 ~ 110 9J IJI " 69 

~ 
~ ~ 1.2 to 2.0 1.0 O.BO 0.40 50 29 8] 115 118 M l]b 52 71 

0.05 o.oos 0.012 1.2 to 2.0 l.l ~ 0.40 52 29 80 ~ 118 81 lJb 5I 7J 

2.0 0.005 0.02 5 to lO 0.90 ~ 0.)0 47 2) 87 122 127 88 142 54 79 

2.0 o.os 0.09 4 to 6 0.95 0.70 0.20 49 17 85 m IJ8 86 148 5) Bb 

~ ~ ~ ~ 1.2 - 0.40 55 29 76 ~ 120 77 1]8 "" 76 

100 0.005 0.02 15 [0 300 0.85 ~ 0.14 'b 12 89 ~ 146{:5) 90 1 55 t3) 56 92 

2.0 0.001 0.003 10 to 30 [\t.8 ~ 0.2~ "' 20 60 I]() m 100 "' :t8 85 

2SO 0.001 ~ 
~ 1.0 ~ 0.20 50 17 "' 

~ 1'0 115 151 5J 89 

2SO 0.001 0.002 25 to IOXJ o. 70 ~ 0.13 " II 100 1'0 148{'1) 125 15t/4l 62 94 

0.05 O.Sf' 0.001 ~ '-' ~ 0.50 71 ]] 50 105 112 94 1)3 ]I 7l 

0.01 wl ~ 
~ 12 ~ 0.60 92 ]) IJ 90 lOb 71 128 8 bb 

~ 
~ 

~ 
~ J.O ~ 0.55 75 )5 •o ~ 110 87 IJl 25 69 

~ 
~ 

~ 

~ '-' ~ 0.70 8l " 30 IUO 8l l2S " b2 

I" 

t 



Soil 
Mechanics 

DESIGN MANUAL 7.01 
REVALIDATED BYCHANGE 1 SEPTEMBER 1986 



Sludges 

The sludges were determined to be typically a fine-grained material (i.e., > 50 percent 

by weight passing through a #200 mesh sieve) with a majority of the material having 

si~-size particles. Based on the Atterberg limits, this material.is-~i;;~J;d~~ ~ 
~teria~~y the_ Unified Soil Classification Syste~ (USCS).{However, there were 

locations where the sludge had a majority of sand-size particles, for example the 

eastern end of Area 1 near the dredge outlet. The solids content varied from 35 

percent to 78 percent (I.e., 28 percent to 185 percent moisture content) by weight, and 

the specific gravity varied from 2.03 to 2.50. 

Foundry Wastes 

The foundry wastes were typically a coarse-grained material (i.e., > 50 percent by 

weight does not pass through a #200 mesh sieve) with approximately 20 percent 

fines. This material is classified as an SP material by the uses. The solids content 

20188.33 OOOO:ATO:del\1001 3·1 05 
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CONSOLIDATION TEST REPORT 
1. 930 \\ c, \. c; 2_;o I.Sl S 

v 

' \ 
_ ~ .as') 

I 
I 
I ' 865 " \ .......... i\ ' \ 

~ \ I 
\ ~ 1\ I 

1.800 \ 

~I \ 

l\ I\ t\ 
1\ 

1. 735 
\ 

~ \ 

1.670 
1\ ~ 

\ 
( 

~ 0 ' 
·M 

I 

.w [\ "' \ co 
a: 1. 605 
D \ \ •M 

\ 0 
. 

> ~ tt.. 1. 540 

1\ \ Cr.- f= , ,o 1-- I I \\ 
1. 475 ' 

\ \ I \ 

' \ c.<.. = \. "'")o 1. \tS 

I 
1. 410 \ ., . 'So l'z- 1\ 

' ~ --. ~ 
1.345 -r-..;;;;:: 

r\~ 
1.280 

0. 1 0.5 1 2 5 'n "v 

Applied Pressure - tsf 

Swell Nat. Nat. Dry LL PI Sp.Gr. Initial void ratio 
press. Sat. Moist. Density 

97.2% 89.1 45.3 2. 17 1.9884 

TEST RESULTS MATERIAL DESCRIPTION 

Cv at 2.00 tsf applied = 1.093 sq. in. /mi.n. 

Cv at 4.00 tsf applied = 0.408 sq. in./min. 

Project No.: 188.91 'c 1 = z. ') '3 t"' 
Project: to=- 41'1to•c·'- 1 i;IJ 

Remarks: 
Location: 906-27, 17-19.5' \. 

I 

Date: 0.<1/24/90 

CONSOLIDATION TEST REPORT 

RMT, INC. Fig. No. 
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CONSOLIDATION TEST REPORT 
1. 9 iO 

I 

\ ~ 

\ ....... 
j. 655 \ I .......... 

\ 

I 
\ 
' ' 

j. 800 
\ 
\', 

1.690 
0 
M 

.w 
ra 
a: 1. 635 
TI 
·M 

0 
> 

1. 580 

1. 525 

0. 1 

Swell Nat. Nat . Dry 

I 

......... ....... 
\ 

\ 

\ 

' 

' . 
1\ 

1\ 

\ 

0.5 1 2 
Applied Pressure - tsf 

v'f/ '5 -~ l''' 

i!,/l(, 

5 10 

press. Sat. Moist. Density 
LL PI Sp.Gr. Initial void ratio 

94. 2 % 80 9 47.5 2.20 1.8897 

TEST RESULTS MATERIAL DESCRIPTION 

Pro]ect No.: 188.91 
Project: AREAS i 0: 2 Remarks: 
Location: 908-27. 9-11.5' 

Date: 4/30/90 

CONSOLIDATION TEST REPORT 

RMT, INC. Fig. No. 
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CONSOLIDATION TEST REPORT 
1. 270 

1.240 I 
\ I ,.,...._ 

\ Co r-.... ......... 
1 . 210 1\ 

r-... r--. \ . r-.. ~ ~ 1.180 

------- ~~t, -~ (, '\ ~ I. . \ S"t 
~ -- - -- - ' o-" 1. 150 

~ 0 • 
·M \ 
.j..) \ . ..... 

" CD ' a: 1. 120 ' • \ TI 
•M \ 
0 ' 
> ~ 

1.090 ' 
\ c:,c\.'210·/, ~I \ I 1\ ~ '\ s q . 1\ . 

1. 060 

" I ~ - 1\ 
1.030 ' ' 

~~ 
\ 

1\ '· 
I'---

\ 
1.000 .... r.....:: 1\ ..... 

1"-

.970 
0.1 0.5 1 2 5 10 

Applied Pressure - tsf 

Swell Nat. Nat. Dry LL PI Sp.Gr. Initial void ratio ' 

press. Sat. Moist. Density 

95.3 % 51.0 64.7 2.33 1.2468 

TEST RESULTS MATERIAL DESCRIPTION 

BLACK FOUNDRY SLUDGE 

Project No.: 188.91 C:.\-;:_ :,"),~~'-~ 

Project: AREA 1 (_ !\ Remarks: 
Location: 908-25, 12-14.5' io'" ~~1p~ .'l">'<•j 

Date· 05/21/90 

CONSOLIDATION TEST REPORT 

RMT, INC. Fig. No. 



Dial Reading vs. Time 
Project No.· 188.91 

_ Project: 
Location: 908-27, 17-19.5' 

Date: 04/24/90 

0.9990 Load No.~ 1 

0.9960 Load= 0.25 tsf 

0.9930 Do 0.9944 

1\ 0 90 = 0.9765 
0.9900 

01 
c D100~ 0.9745 
·~ 0.9870 

Tgo= D 1. 59 illlil. 
<0 
<ll 0.9840 a: 
~ Cv @ T9o ~ 

<0 0.9810 
..... 

~ 0 
1.3 ft?/day 0.9780 

\ 0.9750 

~ 
0.9720 "-

0.9690 
0 3 6 9 12 15 

Square root of elapsed time (min. l 

0.9700 Load No.~ 2 

0.9680 Load= 0.50 tsf 

0.9660 Do 0.9671 

090 = 0.9584 
0.9640 

01 0 100~ 0.9574 
c 
.~ 0.9620 

T9o= 0.60 min. D 
<0 
<ll 0.9600 a: 

cv @ T9o = 
~ 0.9580 <0 

\ - ft?/day 0 3.2 
0.9560 

' 0.9540 ..... r---_ 
0.9520 

--. 
0.9500 

0 3 6 9 12 15 
Square root of elapsed time (min . ) 

AMT, INC. 



Dial Reading vs. Time 
Project No.· 188.91 
Project: 
Locat1on: 908-27. 17-19.5' 

Date: 04/24/90 

Ol 
c 

0.9475 

0.9450 

0.9425 

0.9400 

-~ 0 . 9375 
D 
<1J 

~ 0.9350 

.... 
<0 0. 9,325 
-~ 

0 
0.9300 

0.9275 

0.9250 

0.9225 
0 5 10 15 20 

Square root of elapsed time (min. J 

25 

Load No.-3 

Load= 1.00 tsf 

D0 o.9443 

D90 = 0.9327 

D100- 0.9314 

T90 = 0.54 mi~:. 

cv © Tgo -

2.9 ft?/day 

0.9050 Load No.-4 

0.9030 Load= 2.00 tsf 

Ol 
c 

0.9010 

0.8990 

-~ 0. 8970 
D 
<1J 

~ 0. 8950 

~ 0. 8930 
-~ 

0 
0.8910 

0.8890 

0.8870 

0.8850 

\ 

0 3 

·--~---
• 

6 9 12 15 18 21 24 

Square root of elapsed time (min. J 

L-...................................................................... _RMT, INC. 

27 30 

o0 0.9005 

090 = 0.8934 

0100-0.8926 

r 90= 3.69 min. 

cv © Tgo = 

0.5 ft?/day 
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Dial Reading vs. Time 
Project No. 188.91 
Project: 
Locat1on: 908-27, 17-19.5' 

Date: 04/24/90 

0.8850 

0.8800 

0.8750 

0.8700 
Cl 
c 
-~ 0 8550 
c 
<1l 
(JJ 0.8600 CI 

~ 

0.8550 "' -~ 

0 
0.8500 

0.8450 

0.8400 

~ 

\ ....,___ 
....... 

0.8350 
0 5 

I 

-
10 15 20 

Square root of elapsed time (min.) 

0.8250 

0.8200 

0.8150 

0.8100 
Ol 
c 
-~ 0.8050 
D 

"' (JJ 0.8000 CI 

~ 

0.7950 "' -~ 

0 
0.7900 

0.7850 

\ 

' ....._ 
0.7800 I 

0.7750 
0 7 14 21 28 

Square root of elapsed time (min.) 

L-...................................................................... _RMT, INC. 

~ 

25 

35 

7. D /~~ 

Load No.= 9 

Load= 4.00 ts f 

Do = 0.8684 

0 90 = 0.8485 

Dwo= 0.8463 

Tgo= 1. 03 min. 

Cv @ Tgo = 

1.5 tt 2 /day 

Load No.= 10 

Load= 8.00 tsf 

Do = 0.8100 

Dgo = 0.7934 

0 wo= 0.7916 

Tgo= 1. 02 min. 

cv @ Tgo = 

1.3 tt 2 /day 



Dial Reading vs. Time 
Project No.· 188.91 
PrOJeCt: AREAS 1 
Locat1on: 908-27. 9-11.5' 

& 2 

Date: 4/30/90 

1.0075 

1.0070 

1.0065 

1.0060 
Ol 
c 
·rl 1.0055 
TI 

"' IJJ 1.0050 
0: 

rl 1.0045 ((] 

·rl 

0 
1.0040 

1.0035 

1.0030 

1.0025 
.99550 

.99485 

.99420 

.99355 

Ol 
c 
·rl 

.99290 
TI 
((] 

.99225 IJJ 
0: 

rl .99160 
<0 
·rl 

0 
.99095 

.99030 

.98965 

.98900 

Load No.= 1 

Load= 0.25 tsf 

D0 = 1.0067 

D90 1.0051 

\ D100= 1.0049 

f---\,:---f----f---j--+---t--+---f---f---+----1 T ,-, -,,-, 
,.~ . -
cv @ T9o = 

"" 3.0 tt?/day 

"'~ 
.......... __ 

Squ9re root f elapsec time (mih. J 
Load No.= 2 

~---~~----~------+-----r-----~ Load= 0.50 tsf 

D0 = o.9950 

090 = 0.9928 

\ 0100= 0.9925 

~----~-------+-------+------~------~ ~ r 90= 0.46 min. 

\ 

-r-~----

0 3 6 9 12 

Square root of elapsed time (min.) 

____ RMT, INC. 

15 

cv © T9o = 

4.5 ft?/day 
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Dial Reading vs. Time 
Project No.: 188.91 
PrOJect: AREAS 1 
Locat1on: 908-27, 9-11.5' 

Date: 4/30/90 

; 
~ 
\. 
~ i"---... 

& 2 

............_ 
-.... 

3 6 

---1-
9 12 

Square root of elapsed time (min.) 

0.9605 

0.9580 

0.9555 

0.9530 
CJ) 

c .... 0.9505 
"0 
<1l 
llJ 0.9480 a: 
..., 

0.9455 <0 .... 
0 

0.9430 

0.9405 

~ 

\ 

' ~ .... ----,_ 
0.9380 

0.9355 
0 7 14 21 28 

Square root of elapsed time (min.) 

------------------------- RMT, INC. 

~ 

Load No.= 3 

Load= 1.00 tsf 

Do = 0.9783 

D9o = 0.9743 

D10o= 0.9739 

T9o= 0.36 m:n. 

Cv @ T9o = 

5.6 ft?/day 

15 

Load No.= 4 

Load= 2.00 tsf 

Do = 0.9548 

D90 = 0.9489 

0 10o= 0.9483 

Tgo= 0.40 min. 

cv @ T9o = 

4.7 tt 2 /day 

35 



Dial Reading vs. Time 
ProJect No.: 18S.91 
Project: AREAS 1 & 2 

.Locat1on: 908-27, 9-11.5' 

Date: 4/30/90 

0.9210 Load No.= 9 

0.9180 Load= 4.00 tsf 

Do = 0.9195 0.9150 

D90 = 0.9105 
0.9120 

D10o= 0.9095 Ol 
c 

\ T9o= 0.30 min. 

\ Cv © T 90 = 

' 5.7 ft?/day 
......... 
~ 

---r---

·- 0.9090 
D 
C1J 
QJ 0.9050 cr 
~ 

0.9030 C1J .,., 
0 

0.9000 

0.8970 

0.8940 .. 
0.8910 

0 7 14 21 28 35 
Square root of elapsed time (min.) 

0.8850 Load No.= 10 

0.8800 Load= 8.00 tsf 

0.8750 Do = 0.8710 

0.8700 
Ol 
c 

D90 = 0.8594 

D10o= 0.8581 

.... 0.8650 
'0 T9o= 0.32 min. 

C1J 
QJ 0.8600 cr 
..., 

0.8550 C1J .,., 
0 

0.8500 

\ cv @ T9o = 

\. 4.9 ft?/day 

0.8450 "-... 
.... -........ -0.8400 

0.8350 
0 4 8 12 16 20 24 28 32 36 40 

Square root of elapsed time (min.) 

CUT 1' p.Jr 
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Dial Reading vs. Time 
Project No. 188.91 
Project: AREA 1 
Locat10n: 905-25, 12-14.5' 

Date: 05/21/90 

. 02985 

.02935 

.02885 

.02835 
C/J 
c 
·~ .02785 
D 
l1l 
(!J . 02735 a: 
..., 

.02685 l1l 
·~ 

0 
.02635 

. 02585 

.02535 

.02485 

1.0235 

1.0230 

1.0225 

1.0220 

~ 1.0205 
·~ 
0 

1.0200 

1.0195 

1.0190 

Load No.= 1 

Load= 0.25 tsf 

~---r--~~--~---i----i----t----t----r----~--~ o0 1.0295 

Hr---r--~~--~---1----i----t----t----r----~--~ 090 1.0256 
0100= 1.0263 

r+---r--~~--~---i----i----t----t----r----~--~ T
90

= 0.30 min. 

\ 
\ 
"-

['--t--

0 1 2 - 3 4 
Square root of 

. 

5 6 7 
elapsed time 

~ 

8 9 
(min.) 

10 

cv @ Tgo = 

7 .o ft2'/day 

Load No.= 2 

~---r--~r---~---1----i----t----t----r----r---~ Load= 0.50 tsf 

\ 
\ 

1.0185 L---~---L--~--~~--~--~---L--~--~--~ 
0 1 2 3 4 5 6 7 8 9 10 

L_ _____________ S::.q=u.;;a;..r.;;e....;.r..;;o..;;o;..t;.....;o;..f;... ~ s ~ct. i m::..:e:_,;;<m.::..:.,i n~. ;..l ___________ ___. 



Dial Reading vs. Time 
Project No. 188.91 
Project: AREA 1 
Locat1on: 908-25, 12-14.5' 

Date: 05/21/90 

I Load No.= 3 
.01240 

.01175 Load= 1. 00 tsf 

.01110 Do = 1.0119 

D9o = 1.0092 
.01045 

D100; 1.0089 
C1 

\ T9o; 0.3:= min. 

\ 

c .00980 
-~ 

D 
ro 

.00915 aJ 
cr 

Cv @ T ~.0 ; 

~ 
"' tt?/day 
~ 

6.1 

.......... .. '--.. 
~ .00850 ro 
_..., 

0 
.00785 

. 00720 

·= .00655 :--.. .. 
. 00590 

0 1 2 3 4 5 6 7 8 9 10 
Square root of elapsed time (min.) 

0.9965 Load No.; 4 

0.9950 Load; 2.00 tsf 

0.9935 Do = 0.9942 

0.9920 
D9o 

; 0.9881 

Ol 
c 

D10o= 0.9875 
_..., 0.9905 
D 
ro 

T9o= 0.32 min. 

ClJ 0.9890 cr 
..., 

0.9876 ro 
-M 

0 
0.9860 

0.9845 

cv @ Tgo ; 

\ 6. 1 tt?/day 

~ - 1-----.. 
0.9830 --~ 

0.9815 
0 7 14 21 28 35 

Square root of elapsed time (min.) 

CUT T~r 



Dial Reading vs. Time 
ProJect No.: 188.91 
Project: AREA 1 
Locat10n: 908-25, 12-14.5' 

Date: 05/21/90 

0.9700 Load No.= 9 

0.9685 Load= 4.00 tsf 

0.9670 Do 0.966~ 

0 90 = 0.9614 
0.9655 

OJ D10o= 0.9609 
c 
·~ 0.9640 

T9o= 0.34 '0 min. 
<!l 
Q) 0.9625 [[ 

\ ~ Cv @ TSJO = 
<!l 0.9610 

' ·~ 

0 5.4 tt?/oay 0.9595 

"--. 
0.9580 t-.. ----0.9565 

~ - 0.9550 
0 3 6 9 12 15 

Square root of elapsed time (min.) 

0.9355 Load No.= 10 

0.9335 Load= 8.00 ts f 

0.9315 Do 0.9317 

0 90 = 0.9251 
0.9295 

(]) D10o= 0.9244 
c 
·M 0.9275 T9o= 0.80 min. 
'0 
<!l 
Q) 0.9255 [[ \ cv @ T9o = 
~ 0.9235 "' ~ -~ 

tt?/day 0 2.2 
0.9215 

~ ~ 0.9195 ----""-
0.9175 

• 
0.9155 

0 7 14 21 28 35 
Square root of elapsed time (min.) 

RMT, INC. 
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' .. . . . . 1' SELECT GRANULAR FILTIER FILL 
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TEST FILL PLAN 
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This test fill plan is being submitted as an appendix to the Closure Plan and is intended as a 

workplan of activities required for test pad construction under OAC 3745-30-08. As discussed 

in Section 4.3 of the Closure Plan, the cover system for the landfill will consist of a 2-foot-thick 

recompacted barrier layer. Test fills, constructed according to this Test Fill Plan, will be 

undertaken to evaluate and establish effective procedures for the placement of the low

hydraulic conductivity (i.e., permeability) material in the the final cover system (i.e., clay). 

Test Fill Description: 

During the test fill construction, the primary objective will be to confirm that the required soil 

property specifications can be consistently achieved with the same construction equipment 

and procedures as those that are to be used during full-scale construction. Field variables will 

be carefully measured and controlled in the test fill and during construction of the full-scale 

final cover recompacted barrier layer. These variables include the following: 

Compaction equipment 

• Number of passes of the compaction equipment 

• Method used to breakdown clods before compaction 

Method used to control and adjust moisture content 

Speed of the compaction equipment traveling over the liner 

• Uncompacted and compacted lift thicknesses 

Addttional test fills will be constructed whenever significant changes occur in the cover 

material, equipment, or procedures used to construct the final cover recompacted barrier 

layer. 

In order to meet the objective, the test fill area will be constructed with a minimum width of 

three times the width of the compaction equipment and a minimum length of two times the 

length of the compaction equipment. 
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The clay soil material to be used for construction of the test fill will be excavated from off-site 

soils and will be approved by the on-site representative. 

The on-s~e representative will observe and document the clay soils being excavated from the 

borrow area with emphasis being placed on segregation and removal of unsuitable material; 

changes in color, texture, and moisture content; removal of rocks, cobbles, stumps, and roots; 

and removal of unsuitable materials. The clay used for the construction of this test will be 

representative of the off-s~e soils to be used in the landfill construction. The test fill will be 

comprised of at least six compacted lifts. The clay material will be placed in less than a-inch

thick loose lifts. 

During construction of the clay barrier layer, in-field density, and moisture content tests will be 

performed in various locations for each lift, including the full thickness of the first lift, to 

demonstrate the abil~ to place and compact the clay to the required spec~ications. The 

frequency of the dens~ and moisture content testing, along with other field and laboratory 

testing, is discussed in subsequent sections 

Fill placement and compaction means and methods will be carefully documented by the on

site representative. One pass of the compaction equipment is defined as follows: 

The contact of one drum or the drums of one side of a compactor with any given 
area of soil. Contacts need to be counted based on the number of times a 
compactor moves back and forth in a lane and also the amount of overlap of each 
lane as the compactor moves sideways across the test pad or liner. 

Also, the on-stte representative will closely observe and document the thickness of the 

uncompacted (loose) and compacted lifts, the physical properties of the test fill material, the 

characteristics of the construction surface under the compaction equipment (i.e., equipment 

penetration, pumping, and cracking). 
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Holes left in the clay from the probe of the nuclear density-moisture gauge will be filled with 

dry sodium bentonite. Holes left in the test fill from the removal of undisturbed samples using 

Shelby tubes also shall be filled with dry sodium bentonite. A~hough the methods used in the 

repair process will be documented, the repair process will not be necessary during full-scale 

cover construction since destructive testing is not planned on the actual compacted barrier 

layer. 

Upon completion of the 3-foot clay barrier layer test pad, the final surface of the test fill will be 

rolled smooth to facilitate drainage. The top of clay grades will be surveyed and compared 

with the clay foundation grades to document final clay thickness. 

Immediately following completion of the recompacted barrier layer and prior to performing the 

field hydraulic conductivity testing, a portion of the recompacted barrier layer will be removed 

and the freshly compacted fill will be examined for evidence of defects such as lift separation 

or inadequate clod compaction. The area will then be reconstructed and retested to evaluate 

the means and methods for recompaction of defective portions of the full-scale barrier layer. 

During the field hydraulic conductivity testing, the test fill will be covered with a plastic tarp to 

minimize desiccation of the clay. Moisture will be added to the surface as needed to condition 

the clay and minimize cracking. 

Select Clay Fill Barrier Layer: 

One test fill representing the recompacted barrier layer for the final cover will be constructed 

over waste of the landfill. Testing will be performed to document that the recompacted barrier 

layer meets the hydraulic conductivity requirements. As a resu~. the test fill will adequately 

represent the conditions under which the recompacted barrier layer will be completed. 

The clay will be placed in maximum 6-inch compacted lifts. Once a contractor is selected, 

the specific equipment and methods to be used will be finalized. As during construction of 

the recompacted barrier layer test fill, in-field density and moisture will be tested throughout 

each lift to demonstrate the ability to place and compact the clay to the required 

specifications. The frequency of the density and moisture testing shall be 3 per lift. 
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The on-site representative will observe and document fill placement, compaction means and 

methods, uncompacted (loose) and compacted lift thicknesses, physical properties of the test 

fill material, and the characterization of the construction surface. Holes resu~ing from the 

dens~ and moisture content testing and Shelby tube sampling will be filled with dry sodium 

bentonite. 

Upon completion of the 3-foot layer of recompacted barrier layer, the surface will be rolled 

smooth to facilitate drainage. The top of recompacted barrier layer grades will be surveyed 

and compared with the test fill subbase grades to document the thickness of the recompacted 

barrier layer. During the field hydraulic conductivity testing, the test fill will be covered with a 

plastic tarp to minimize desiccation of the recompacted barrier layer. Moisture will be added 

to the surface as needed to condition the layer and minimize cracking. 

Field Hydraulic Conductivity: 

Field hydraulic conductiv~ (permeabil~) testing will be performed on the final test fill surface 

at three locations. Sealed double-ring infi~rometers (SDRI} will be used for this testing. 

Sealed Double-Ring lnflltrometers: 

Sealed double-ring infiltrometers (SDRI) consist of a sealed inner ring and an open outer ring 

that are embedded into trenches and sealed with a bentonite grout. The rings are filled with 

water, and a small flexible bag is attached to the inner ring. The entire SDRI is covered with a 

tarpaulin. Periodically, the bag is removed and weighed to determine the quant~ of flow, and 

when necessary, the bag is refilled. The sealed inner ring contains the volume of water used 

to measure the infiitration rate of the water into the liner system. The outer ring of water 

provides a flow of water to maintain vertical flow beneath the inner ring. Tensiometers are 

installed within the outer ring to measure the wetting front of the water permeating the liner 

system. 

During the initial start up of each SDRI test, flow through the system will be observed every 3 

or 4 hours. Weight measurements of the flexible bag attached to the inner ring will be taken, 

and the bag will be refilled with water before the bag is allowed to empty. 
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Initially, flow rates may be high, requiring measurements to be taken often. As the test 

progresses, the flow rate should slow and the length of time to empty the bag should increase 

to several days or weeks. Monitoring requirements will be adjusted as the test progresses to 

correspond to the reduction in the flow rate through the liner. 

The acceptance criteria for the field testing will be a maximum hydraulic conductivity of 

1 x 1 o·' cm/s. Analysis of data collected from the field hydraulic conductivity tests will be 

performed to compare the results to the maximum hydraulic conductivity requirement. 

Laboratory Testing: 

Laboratory testing of the low-hydraulic conductivity materials will be performed on samples 

from the test fill clay borrow area and on in-place-compacted clay soils. 

The on-site representative will collect a minimum of two samples from the test fill clay borrow 

area to determine soil characteristics prior to constructing the 3-foot clay barrier layer test pad. 

These samples will be part of the testing described in Subsection 6.2 of the Closure Plan to 

meet the requirements of OAC 3745-30-08(D). 

Laboratory testing to determine soil characteristics will include the following: 

Parameter 

Moisture/Density Relationship 

Grain-Size Analysis 

Unified Soil Classification System 

Moisture Content 

Atterberg Limns 

Hydraulic Conductivity 

Test Method 

ASTM D1557 or ASTM D698 

ASTM D422 

ASTM D2487 

ASTM D2216 

ASTM D4318 

ASTM D5084 

2169.30:RTE:ASF1116 



LANDFILL CLOSURE AND POST-CLOSURE PLAN DECEMBER 1994 
AMERICAN STEEL FOUNDRIES FINAL 

A minimum of six undisturbed samples will be taken per lift for each test pad. The samples 

will be submitted to the Soils Testing Laboratory for testing. 

The undisturbed laboratory hydraulic conductivity test results will be compared to the field 

hydraulic conductivity test results. Laboratory compressive strength values will be compared 

to the field shear strength test results and will be used to confirm the strength values used in 

the design stability analysis. 

References: 

ASTM D5093-90. 1992. Field measurement of infittration rate using a double-ring infiltrometer 
wtth a sealed inner ring. Annual Book of ASTM Standards. Volume 4.08. 
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Daniel, D.E., and S.J. Trautwein. 1986. Field permeability test for earthen liners. In: ASCE 
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Geotechnical Engineering, Vol. 115, No. 9. September 1989. 
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APPENDIX M 

POST-DEVELOPMENT SURFACE WATER RUNOFF CALCULATIONS 

Purpose: 

The purpose of the surface water runoff calculations is to determine the peak runoff from the 

American Steel Foundries (ASF) Sebring Facility Landfill resulting from a 1 0-year, 24-hour 

storm event and a 1 DO-year, 24-hour storm event. These peak runoff values will be used to 

demonstrate that the sedimentation basins are designed to provide storage below the 

principal spillway for the runoff volume of a 1 0-year, 24-hour storm event, and will safely 

discharge the runoff volume from a 1 DO-year, 24-hour storm event without flowing over the 

maximum basin perimeter elevation. With this design, the surface water from the landfill is 

collected and discharged in a controlled manner. 

Methodologies: 

Drainage Area Determinations - For the ASF Landfill, surface water discharge calculations 

were performed for the post-closure development conditions. Drainage areas for the post

closure condttions were developed based on the flow patterns for each area. The drainage 

areas for the landfill are shown on Figure 4-1 in Section 4. 

Hydrograph Generation Calculations - The hydrograph generation calculations is a process 

that involves determining rainfall quantities, storm distributions, surface run-off characteristics, 

drainage paths, time of concentrations, and travel times; and, in conjunction with the computer 

drainage program Quick TR-55, these calculations are used to estimate a peak flow from a 

drainage area. 

The Quick TR-55 computer program developed by Haestad Methods was used to model the 

surface water hydrology at the ASF Landfill. The TR-55 methods for computing hydrographs 

included in the program are based on the methodologies presented in Technical Release 

No. 55 - "Urban Hydrology for Small Watersheds" by the Untted States Soil Conservation 

Service. 
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The time of concentrations and travel times for the post-development conditions were 

calculated using the Quick TR-55 program. These calculations combine overland flow time, 

shallow concentrated flow time, and channel flow time to obtain a total time of concentration 

for the area being evaluated. The travel time is then calculated as the time for water to flow 

from the discharge of the individual drainage area to the discharge of the drainage basin (for 

example, into the sedimentation basin). 

Assumptions: 

Storm Event - The following assumptions, which were based upon information provided by the 

Ohio Environmental Protection Agency, the OEPA, and the U.S. Department of Agriculture, Soil 

Conservation Service Engineering Division (Technical Release No. 55), were used to 

characterize the storm events: 

1. An SCS Type II storm was selected according to SCS storm distribution maps for 
the United States. 

2. For the post-closure landfill conditions, an SCS run-off curve number of 86 was 
used based on information provided by the OEPA which represents pasture or 
range land in poor condition, based on values provided by Technical Release No. 
55. 

3. A 1 0-year, 24-hour storm event in the vicinity of the facility equates to 3.6 inches 
according to figures provided in TR-55. 

4. A 1 00-year, 24-hour storm event in the vicinity of the landfill equates to 4.9 inches 
according to figures provided in TR-55. 

Results: 

Based on the surface water run-off analysis, the peak discharge to Sedimentation Basin #1 is 

17 cfs for the 1 0-year, 24-hour storm event and 25 cfs for the 1 00-year, 24-hour storm event. 

The peak discharge to the Sedimentation Basin #2 is 6 cfs for the 1 0-year, 24-hour storm 

event and 9 cfs for the 1 00-year, 24-hour storm event. Peak run-off quantities for the 

individual drainage areas are summarized on Output Sheets 8, 1 0, 12, and 14 of 42 of the 

following calculations. 
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SITE HYDROLOGIC DATA 
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Table Z-2c.-Hunoff curve numhcrii for olher a~ricultur<tl I:.mds 1 

Cover de~criplion 

Cover type 

Pasture. grd.S~,I:.tml, or range-continuous 
for;~ge for gr.u:ing.' 

Me:.tdow-continuous grc~.S~. protected ft-om 
gr•zing and generally mowed for h;ty. 

Bru!'h-brush-weed-gr:-\Ss mixture with bru:;h 
the major element.3 

Womls-grass combination (orchard 
Ol' lt-ee fa11n). s 

Woo< Is.• 

F'armsteads-buildings, lanes, drivew;tys, 
and S\111-ounding lots. 

1 A \'elfl)?'e runoff 1.."'Unditiun. :mel 1,. = II.:!:S. 

'l (•,~w: 

Fuir: 
(;.,.1(1: 

:~[•,~w: 
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> i:jt;; K.I"'HHIII t."'lvtl', 

Hydrologic 
condition 

Poor 
Fair 
Guud 

Poor 
F:lir 
Good 

Pour 
Fair 
Good 

Pam· 
F':.tir 
Good 

A 

Curve numhcr~.; for 
h,vclru\ogic :-oil ~Toup-

B c 

~t:'TO 1--1 H t:'I\J Oi.."'D 51' Ot'?''!>( 

G3 79 @ 
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'30 ~~ u;; 
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;J(j 1)0 13 
'30 55 70 

59 i.J s~ 

D 

S9 

8" 
su 
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~· ' ' 
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.::n 
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i!l 
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Sl) 
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I;,,,/; 
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Sheet flow 

Sheet flow is flow over plane surfaces. It usually 
occurs in the headwater of streams. With sheet flow, 
the friction value (Manning's n) is an effective 
roughness coefficient that includes the effect of 
raindrop impact; drag over the plane surface; 
obstacles such as litter, crop ridges, and rocks; and 
erosion and transportation of sediment. These n 
values are for very shallow flow depths of about 0.1 
foot or so. Table 3·1 gives Manning's n values for 
sheet flow for various surface conditions. 

For sheet flow of less than 300 feet, use Manning's 
kinematic solution (Overton and Meadows 1976) to 
compute Tt: 

0.007 (nL)0.8 
(P2)0.5 s0.4 

[Eq. 3·3] 

Table 3·1.-Roughness coefficients (Manning"s n) for 
sheet flow 

Surface description n1 

· Smooth surfaces (concrete, asphalt, gravel, or 
bare soil) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.011 

Fallow (no residue) ......................... . 

Cultivated soils: 
Residue cover ~ 20% .. -................... . 
Residue cover > 20% ..................... . 

Grass: 
Short grass prairie ....................... . 
Dense grasses2 •••••••••••••••••••••••••••• 

Bermudagrass ............................ . 

Range (natural) ............................ . 

Woods:3 

Light underbrush ......................... . 
Dense underbrush ........................ . 

0.05 

0.06 
0.17 

0.15 
([ID 

0.41 

0.13 

0.40 
0.80 

1The n values are a composite of information compiled by Engman 
(1986). 
1lncludes species such as weeping lovcgrass, bluegrass, buffalo 
grass, blue grama grass, and native grass mixtures. . 
3When selecting n, consider cover to a height of about 0.1 ft. Th1s 
is the only part of the plant cover that wiH obstruct sheet flow· 

(o oF '-/ Z 

where 

Tt = travel time (hr), 
n = Manning's roughness coefficient (table 3·1), 
L = flow length (ft), 

Pz = 2-year, 24-hour rainfall (in), and 
s = slope of hydraulic grade line (land slope, 

ftift). 

This simplifiea form of the Manning's kinematic 
solution is based on the following: (1) shallow steady 
uniform flow, (2) constant intensity of rainfall excess 
(that part of a rain available for runofl), (3) rainfall 
duration of 24 hours, and (4) minor effect of 
infiltration on travel time. Rainfall depth can be 
obtained from appendix D. 

Shallow concentrated flow 

After a maximum of 300 feet, sheet flow usually 
becomes shallow concentrated flow. The average 
velocity for this flow can be determined from figure 
3-1, in which average velocity is a function of 

· watercourse slope and type of channel. For slopes 
less than 0.005 ftift, use equations given in appendix 
F for figure 3-1. Tillage can affect the direction of 
shallow concentrated flow. Flow may not always be 
directly down the watershed slope if tillage runs 
across the slope. 

After determining average velocity in figure 3·1, use 
equation 3·1 to estimate travel time for the shal!ow 
concentrated flow segment. 

Open channels 

Open channels are assumed to begin where surveyed 
cross section information has been obtained, where 
channels are visible on aerial photographs, or where 
blue lines (indicating streams) appear on United 
States Geological Survey (USGS) quadrangle sheets. 
Manning's equation or water surface profile 
information can be used to estimate average flow 
velocity. Average flow velocity is usually determined 
for bank-full elevation. 

(210-VI-TR-55, Second Ed., June 198G) 3-3 
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Quick TR-55 Version: 5.46 S/N: Page 1 
Return Frequency: 10 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type II. Distribution 

(24 hr. Duration Storm) 

Executed: 11-11-1994 10:02:23 
Watershed file: --> A:BASIN-1 .MOP 
Hydrograph file: --> A:l-lOYR.HYD 

AMERICAN STEEL FOUNDRIES 
SEBRING FACILITIES 

ALLIANCE, OHIO 
PROJECT# 2169.30 

>>>> Input Parameters Used to Compute Hydrograph <<<< 

Subarea 
Description 

AREA 
(acres) 

CN Tc 
(hrs) 

* Tt 
(hrs) 

Precip. I 
(in) 1 

Runoff 
(in) 

Ia/p 
input/used 

1-A 
1-B 

4. 30 > 

4. 20 / 
86.0 -
86.0-

o.3o ~ o.oo~ 

o. so ~ o. oo-
3. 60 ~ 1 

3. 60- 1 

2.19 
2.19 

I. 09 
I. 09 

* Travel time from subarea outfall to composite watershed outfall point. 
I -- Subarea where user specified interpolation between Ia/p tables. 

Total area= 8.50 acres 
Peak discharge 

or 0.01328 sq.mi 
17 cfs 

>>>> Computer Modifications of Input Parameters <<<<< 

Input Values Rounded Values Ia/p 
Subarea Tc * Tt Tc * Tt Interpolated 

Description (hr) (hr) (hr) (hr) (Yes/No) 
Ia/p 

Messages 

.10 

.10 

-·-----------------------------------------------------------------------------
1-A 0.33 0.00 0. 30 / 0.00 No Computed Ia/p < .1 
1-B 0.47 

/ 

0.00 0.50 - 0.00 No Computed Ia/p .1 < 

* Travel time from subarea outfall to composite watershed outfall point. 



Quick TR-55 Version: 5.46 S/N: Page 2 
Return Frequency: 10 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type II. Distribution 

(24 hr. Duration Storm) 

Executed: 11-11-1994 10:02:23 
Watershed file: --> A:BASIN-1 .MOP 
Hydro graph file: - -> A: 1-lOYR.HYD li8JJL.II{t:J/1of 

AMERICAN STEEL FOUNDRIES 
SEBRING FACILITIES 

ALLIANCE, OHIO 
PROJECT# 2169.30 

>>>> Summary of Subarea Times to Peak <<<< 

Subarea 

1-A 
1-B 

Composite Watershed 

Peak Discharge at 
Composite Outfall 

(cfs) 

10 
8 

17 

Time to Peak at 
Composite Outfall 

(hrs) 

12.2 
12.4 

12.3 

3 0 ... ~ '--17 
I~ 



Quick TR-55 Version: 5.46 S/N: Page 1 
Return Frequency: 100 years 

Subarea 
Description 

1-A 
1-B 

TR-55 TABULAR HYDROGRAPH METHOD 
Type II. Distribution 

(24 hr. Duration Storm) 

Executed: 11-11-1994 10:02:23 
Watershed file: --> A:BASIN-1 .MOP 
Hydrograph file: --> A:l-lOOYR.HYD 

AMERICAN STEEL FOUNDRIES 
SEBRING FACILITIES 

ALLIANCE, OHIO 
PROJECT# 2169.30 

>>>> Input Parameters Used to Compute Hydrograph <<<< 

AREA 
(acres) 

CN Tc 
(hrs) 

4. 3Q'" 86.0 r 0. 30 r 

4.20 ~ 86.0 r 0.50 r 

* Tt 
(hrs) 

0.00 
0.00 

Precip. I 
(in) 1 

4. 90- 1 

4.90 - 1 

Runoff Ia/p 
(in) inputjused 

3.37 1.07 
3.37 1.07 

.10 

.10 

* Travel time from subare.o:. outfall to composite watershed outfall point. 

I -- Subarea where user specified interpolation between Ia/p tables. 

Subarea 
Description 

1-A 
1-B 

Total area~ 8.50 acres or 0.01328 sq.mi 
Peak discharge 25 cfs 

>>>> Computer Modifications of Input Parameters <<<<< 

Input 
Tc 

(hr) 

0. 33 / 
0.47 ~ 

Values 
* Tt 

(hr) 

0.00 
0.00 

Rounded 
Tc 

(hr) 

0. 30-
0.50 ~ 

Values 
* Tt 

(hr) 

0.00 
0.00 

Ia/p 
Interpolated 

(Yes/No) 

No 
No 

Ia/p 
Messages 

Computed Ia/p < .1 
Computed Ia/p < .1 

'" Travel time from subarea outfall to composite watershed outfall point. 



Quick TR-55 Version: 5.46 S/N: Page 2 
Return Frequency: 100 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type II. Distribution 

(24 hr. Duration Storm) 

Executed: ll-ll-1994 10:02:23 
Watershed file: --> A:BASIN-1 .MOP 
Hydrograph file: --> A:l-lOOYR.HYD 

AMERICAN STEEL FOUNDRIES 
SEBRING FACILITIES 

ALLIANCE, OHIO 
PROJECT# 2169.30 

>>>> Summary of Subarea Times to Peak <<<< 

Peak Discharge at 
Composite Outfall 

Subarea (cfs) 

1-A 15 
l-B 12 

Composite Watershed 25 

Time to Peak at 
Composite Outfall 

(hrs) 

12.2 
12.4 

12.3 



Quick TR-55 Version: 5.46 S/N: Page l 
Return Frequency: 10 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type II. Distribution 

(24 hr. Duration Storm) 

Executed: ll-ll-1994 10:03:52 
Watershed file: - -> A: BASIN- 2 . MOP 
Hydrograph file: --> A:2-l0YR.HYD 

AMERICAN STEEL FOUNDRIES 
SEBRING FACILITY 

ALLIANCE, OHIO 
BASIN #2 (PROJECT# 2169.30) 

>>>> Input Parameters Used to Compute Hydrograph <<<< 

Subarea 
Description 

AREA 
(acres) 

CN Tc 
(hrs) 

* Tt 
(hrs) 

Precip. I 
(in) 1 

Runoff 
(in) 

Ia/p 
input/used 

2-A 
2-B 

l. 00-
l. 30 -

86.0: 
86.0 -

0. 20-
0.30-

0.00 
0.00 

3. 60 _... 1 

3. 60 / 1 

2.19 
2.19 

I. 09 
I. 09 

* Travel time from subarea outfall to composite watershed outfall point. 
I -- Subarea where user specified interpolation between Ia/p tables. 

Subarea 
Description 

Total area- 2.30 acres or 0.00359 sq.mi 
Peak discharge 6 cfs 

>>>> Computer Modifications of Input Parameters <<<<< 

Input 
Tc 

(hr) 

Values 

* Tt 
(hr) 

Rounded 
Tc 

(hr) 

Values 

* Tt 
(hr) 

Ia/p 
Interpolated 

(Yes/No) 
Ia/p 

Messages 

.10 

.10 

2-A 
2 -B 

0. 20 -
0.29 

/ 
0.00 
0.00 

** 
0.30 ' 

** 
0.00 

No 
No 

Computed Ia/p < .l 
Computed Ia/p < .l 

;t- Travel time from subarea outfall to composite watershed outfall point. 

;hC Tc & Tt are available in the hydro graph tables. 



Quick TR-55 Version: 5.46 S/N: Page 2 
Return Frequency: 10 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type II. Distribution 

(24 hr. Duration Storm) 

Executed: 11-11-1994 10:03:52 
Watershed file: --> A:BASIN-2 .MOP 
Hydrograph file: --> A:2-10YR.HYD 

AMERICAN STEEL FOUNDRIES 
SEBRING FACILITY 

ALLIANCE, OHIO 
BASIN #2 (PROJECT# 2169.30) 

>>>> Summary of Subarea Times to Peak <<<< 

Subarea 

Peak Discharge at 
Composite Outfall 

( cfs) 

Time to Peak at 
Composite Outfall 

(hrs) 

2-A 
2-B 

Composite Watershed 

3 
3 

6 

12.1 
12.2 

12.2 -



Quick TR-55 Version: 5.46 S/N: Page l 
Return Frequency: 100 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type II. Distribution 

(24 hr. Duration Storm) 

Executed: 11-11-1994 10:03:52 
Watershed file: --> A:BASIN-2 .MOP 
Hydrograph file: --> A:2-100YR.HYD 

AMERICAN STEEL FOUNDRIES 
SEBRING FACILITY 

ALLIANCE, OHIO 
BASIN #2 (PROJECT# 2169.30) 

>>>> Input Parameters Used to Compute Hydrograph <<<< 

Subarea 
Description 

AREA 
(acres) 

CN Tc 
(hrs) 

* Tt 
(hrs) 

Precip. I 
(in) 1 

Runoff 
(in) 

Ia/p 
inputjused 

2-A 
2 -B 

1. 00 
1. 30 

- 86.0 - 0.20-. -- 86.0 0.30 
0.00 
0.00 

4. 90 - 1 

4. 90 - 1 

3.37 
3.37 

I.07 
I. 07 

;, Travel time from subarea outfall to composite watershed outfall point. 
I -- Subarea where user specified interpolation between Ia/p tables. 

Total area~ 2.30 acres or 0.00359 sq.mi 
Peak discharge 9 cfs 

>>>> Computer Modifications of Input Parameters <<<<< 

Subarea 
Description 

Input 
Tc 

(hr) 

Values 

* Tt 
(hr) 

Rounded 
Tc 

(hr) 

Values 
* Tt 

(hr) 

Ia/p 
Interpolated 

(Yes/No) 
Iajp 

Messages 

.10 

.10 

2 -A 
2-B 

0.20 / 
0. 29 -

0.00 
0.00 

** ** 
0.30 - 0.00 

No 
No 

Computed Iajp < .1 
Computed Ia/p < .l 

* Travel time from subarea outfall to composite watershed outfall point. 
''* Tc & Tt are available in the hydro graph tables. 

!2 
I-' 



Quick TR-55 Version: 5.46 S/N: Page 2 
Return Frequency: 100 years 

TR-55 TABULAR HYDROGRAPH METHOD 
Type II. Distribution 

(24 hr. Duration Storm) 

Executed: 11-11-1994 10:03:52 
Watershed file: --> A:BASIN-2 .MOP 
Hydrograph file: --> A:2-100YR.HYD 

AMERICAN STEEL FOUNDRIES 
SEBRING FACILITY 

ALLIANCE, OHIO 
BASIN #2 (PROJECT# 2169.30) 

>>>> Summary of Subarea Times to Peak <<<< 

Peak Discharge at 
Composite Outfall 

Subarea (cfs) 

2-A 4 
2 -B 5 

Composite Watershed 9 

Time to Peak at 
Composite Outfall 

(hrs) 

12.1 
12.2 

12.2 
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lANDFILL CLOSURE AND POST-CLOSURE PlAN DECEMBER 1994 
AMERICAN STEEL FOUNDRIES FINAL 

SEDIMENTATION BASIN DESIGN CALCULATIONS 

Purpose: 

The purpose of the sedimentation design calculations is to demonstrate that the sedimentation 

basins are designed to adequately provide storage volume and to remove tRe sediment loads 

resulting from the design storm event. The sedimentation basins at the ASF Landfill have 

been sized to store the volume of runoff from a 1 0-year, 24-hour storm event below the inlet to 

the principal spillway pipe and to remove a 20-micron particle for the 1 00-year, 24-hour storm 

event. The basins evaluated in this analysis include Sedimentation Basin #1 and 

Sedimentation Basin #2. 

Methodologies: 

Sedimentation Basin Contour Data and Outlet Structure Data - The volumes of the 

sedimentation basins were computed using the Pond-2 computer program developed by 

Haestad Methods. Surface areas were digitized for various basin elevations and input into the 

program (see Figures P-1 and P-2 of this Appendix). Pond-2 then computes the basin 

volumes using the conic method to compute the incremental volume between basin contours. 

Outlet structures for the sedimentation basins were also evaluated using the Pond-2 program. 

The program computes an elevation-discharge rating table for each structure defined. The 

outlet structure data, along with the pond volume data, are used in the routing of storms 

through the basins. 

Sedimentation Basin Routing - The sedimentation basin routing involved routing the design 

storm through each of the sedimentation basin designs. The storm routing was performed 

using the Pond-2 computer program. The program routes hydrographs generated during the 

hydrograph generation calculations (included in this Appendix) through the ponds specified. 

From the routing calculations, information on the peak flow, peak discharge, high water 

elevation, and maximum storage of the basins are obtained. 
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ITJ =SURFACE AREA AT EL. 1078=3,952 FT. SQ. 

[}) =SURFACE AREA AT EL. 1 080=6,424 FT. SQ. 

[}] =SURFACE AREA AT EL. 1 082=9,332 FT. SQ. 

[±] =SURFACE AREA AT EL. 1083.5=12,238 FT. SQ. 

10% H--- LIMITS OF WASTE LINE 

CMP RISER PIPE 
I.E. 1077.5 

CMP SEDIMENTATION BASIN -
DISCHARGE PIPE 
I.E. 1077.0 

~ 

,. 'DISCHARGE PIPE, RIPRAP 
' . ! OUTLIET PROTECTION BLANKET 

-· SEE DETAIL @ 

V-NOTCH DRAINAGE DITCH 
SEE DETAIL 

SEDIMENTATION BASIN 
SEE DETAIL 

TOP OF SEDIMENTATION 
BASIN ELEVATION 1083.5 

12" DIA. CMP DRAIN PIPE 

PLAN VIEW SEDIME"-'TATION BASIN NO. 2 
(NOT I U SCALE) FIGURE P-2 
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LANDFILL CLOSURE AND POST-CLOSURE PLAN DECEMBER i 994 
AMERICAN STEEL FOUNDRIES FINAL 

Assumptions: 

The following assumptions were used to perform the sedimentation basin sizing computations: 

i. A 20-micron particle size was targeted to be settled out by the sedimentation 
basins. The 20-micron particle is classified as a medium silt by the AASHTO Soil 
Classification System. A minimum surface area of i ,250 ft" per cfs of discharge is 
required to settle out a 20-micron particle. Calculations show that Sedimentation 
Basin #i has a surface area of 3, 704 ft" per cfs and that Sedimentation Basin #2 
has 4,990 ft2 per cfs of discharge 

2. A minimum freeboard of i foot is assumed from the high water elevation to the 
top of the basin perimeter elevation. No emergency spillway is assumed with this 
sedimentation basin dug-out design because no berms will be needed. 

3. Because no emergency spillway is included in this design, the entire volume of 
water generated from a i DO-year, 24-hour storm event with discharge through the 
principal spillway will be stored below the top elevation of each sedimentation 
basin with an additional i -foot (minimum) freeboard included. 

Results: 

The peak runoff volume for a i 0-year, 24-hour storm event is 2. i 9 inches per acre (see Sheet 

7 of 42). This equates to i .55 acre-feet per the 8.5 acres draining to Sedimentation Basin #i 

and 0.40 acre-feet for the 2.2 acres draining to Sedimentation Basin #2. For Sedimentation 

Basin #1, the top of the principal spillway is at elevation i ,097.5. This provides 1.67 acre-feet 

of storage, which is greater than the required i .55 acre-feet (see Sheet i 9 of 42). For 

Sedimentation Basin #2, the top of the principal spillway is at elevation i ,081 .0. This provides 

0.42 acre-feet of storage, which is greater than the 0.40 acre-feet required (see Sheet 33 of 

42). 

To maintain and safely discharge the volume of runoff from a i DO-year, 24-hour storm event, 

the minimum elevation for the perimeter of Sedimentation Basin #i must be i ,098.64 (see 

Sheet 28 of 42). The designed perimeter elevation for Sedimentation Basin #i with this 

closure plan is i, i 00.0, providing 1.36 feet of additional freeboard. The minimum elevation for 

the perimeter of Sedimentation Basin #2 must be i ,082. i 8 (see Sheet 38 of 42). The 

designed perimeter elevation for Sedimentation Basin #2 with this closure plan is i ,083.2, 

providing i .02 feet of additional freeboard. 

2169.30:RTE:ASF1116 



LANDFILL CLOSURE AND POST-CLOSURE PLAN DECEMBER 1994 
AMERICAN STEEL FOUNDRIES FINAL 

Based on the sedimentation basin sizing calculations, all sedimentation basins are sized 

adequate to remove a 20-micro particle. Basin layout information and design details are 

shown on Engineering Plan Sheet 3B and on Detail Sheet 6C. The peak discharges from 

Sedimentation Basins #1 and #2 are 25.0 and 9.0 cfs, respectively for the 1 00-year, 24-hour 

storm event. 
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SEDIMENTATION BASIN DESIGN CALCULATIONS 
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SEDIMENTATION BASIN #1 CONTOURNOLUME DATA 
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POND-2 Version: 5.17 
S/N: 

AMERICAN STEEL FOUNDRIES 
SEBRING FACILITY 

ALLIANCE, OHIO 
PROJECT# 2169.30 

CALCULATED 12-09-1994 
DISK FILE: b:BASIN-lA.VOL 

13:57:00 

._-· ---;;"}. < ,- 1 "' - . y__ / .-;:·..0..··· /:'··;· -f 

/ 

Planimeter scale: l inch~ l ft. 

Elevation 
(ft) 

Planimeter 
(sq.in.) 

Area 
(acres) 

Al+A2+sqr(Al*A2) 
(acres) 

* 
Volume 

(acre-ft) 
Volume Sum 

(acre-ft) 
---------------------------------------------------------------------------
1,093.00 0.00 0.00 0.00 0.00 0.00 
1,094.00 13,880.00 0.32 0.32 0.11 0.11 
1,095.00 16,958.00 0.39 l. 06 0.35 0.46 
1,096.00 20,035.00 0.46 l. 27 0.42 0.88 
1,097.00 23,676.00 0.54 l. 50 0.50 l. 38 
l 097.50 25 496.00 0.59 1.69 0.28 l. 67 

-------~---------

1,098.00 27,316.00 0.63 l. 82 0.30 ----,:~ 

1,099.00 31,572.00 0. 72 2.03 0.68 2.65 
1,100.00 35,828.00 0.82 2.32 0. 77 3.42 

2 
IA ~ (sq.rt(Areal) + ((Ei-El)/(E2-El))*(sq.rt(Area2)-sq.rt(Areal))) 

where: El, E2 
Ei 
Areal,Area2 
IA 

Closest two elevations with planimeter data 
Elevation at which to interpolate area 
Areas computed for El, E2, respectively 

~ Interpolated area for Ei 

* Incremental volume computed by the Conic Method for Reservoir Volumes. 

Volume~ (l/3) * (EL2-EL1) *(Areal+ Area2 + sq.rt.(Areal*Area2)) 

where: ELl, EL2 
Areal,Area2 
Volume 

Lower and upper elevations of the increment 
Areas computed for ELl, EL2, respectively 
Incremental volume between ELl and EL2 

;> I -·-~~ 
>I 
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SEDIMENTATION BASIN #1 OUTLET STRUCTURE DATA 
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Outlet Structure File: BASIN-lA.STR 

S/N: POND-2 Version: 5.17 
Date Executed: Time Executed: 

************************ 
AMERICAN STEEL FOUNDRIES 

SEBRING FACILITY 
ALLIANCE, OHIO 

PROJECT# 2169.30 
*******"'1:***"~1:*********'"** 

Outflow Rating Table A 
Table A 1 ? 2 

Elevation (ft) Q (cfs) Contributing Structures 
-------------- ------- ------------------------

1093.00 0.0 
1093.50 0.0 
1094.00 0.0 
1094.50 0.0 
1095.00 0.0 
1095.50 0.0 
1096.00 0.0 
1096. 50 0.0 
1097.00 0.0 
1097.50 0.0 2 
1098.00 7.4 2 
1098.50 8.0 1 
1099.00 8.4 1 
1099.50 8.8 1 
1100.00 9.1 1 

2 o oF '·fZ.. 



Outlet Structure File: BASIN-lA.STR 

POND-2 Version: 5.17 
Date Executed: 

S/N: 
Time Executed: 

**"!:********************* 
AMERICAN STEEL FOUNDRIES 

SEBRING FACILITY 
ALLIANCE, OHIO 

PROJECT# 2169.30 
************************ 

Outlet Structure File: 
Planimeter Input File: 
Rating Table Output File: 

b: BASIN -1A. STR 
b:BASIN-lA.VOL 
b:BASIN-lA.PND 

/ / 

Min. Elev.(ft) ~ 1093 Max. Elev.(ft) ~ 1100 
/' 

Incr. (ft) 

Additional elevations (ft) to be included in table: 

* * * * * * * * * * * * * * * * * * * * * * * * * * 

**************..,!:****************************..,"** 
SYSTEM CONNECTIVITY 

********"~'<:*****·;r:"~l:****'";"***********"~'l::************"~'r: 

Structure 

CULVERT-CR 
STAND PIPE 

No. 

l 
2 ? 

Q Table 

l 

Q Table 

-> 
-> 

l ~ 

A -

Outflow rating table summary was stored in file: 
b:BASIN-lA.PND 

2 I cJr"'--

. 5 



Outlet Structure File: BASIN-lA.STR 

POND-2 Version: 5.17 
Date Executed: 

S/N: 
Time Executed: 

)"********~\:*~"'**~\;********* 
AMERICAN STEEL FOUNDRIES 

SEBRING FACILITY 
ALLIANCE, OHIO 

PROJECT# 2169.30 
************************ 

>>>>>> Structure No. 1 <<<<<< 
(Input Data) 

CULVERT-CR 
Circular Culvert (With Inlet Control) 

El elev. (ft)? 
E2 elev. (ft)? 
Diam. (ft)? 
Inv. el. (ft)? 
Slope (ft/ft)? 
Tl ratio? 
T2 ratio? 
K Coeff.? 
M Coeff.? 
c Coeff.? 
Y Coeff.? 
Form 1 or 2? 
Slope factor? 

1097. s_ _.. 
1100.001 

1.00 
1093 -
.0174 

. 0210 ~ 

1. 33 -
. 0463 ~ 

.75 _,.,.. 

1 
-. 5 .-

'5£[. Pft~ 2& OP jl: ,::Of/.. 

Pt":J/6-f'J VI\<.V£$ . 



Outlet Structure File: BASIN-lA.STR 

POND-2 Version: 5.17 
Date Executed: 

S/N: 
Time Executed: 

***************~!:******** 
AMERICAN STEEL FOUNDRIES 

SEBRING FACILITY 
ALLIANCE, OHIO 

PROJECT# 2169.30 
************************ 

>>>>>>Structure No. 2 <<<<<< 
(Input Data) 

STAND PIPE 
Stand Pipe with weir or orifice flow 

El elev.(ft)? 1097.5 ~ 

E2 elev. ( ft)? 1100.001 
Crest e1ev.(ft)? 1097.5 ~ 

Diameter (ft)? 2 
Weir coefficient? 3. 33 • 
Orifice coefficient? . 63 .. 
Start transition e1ev.(ft)@? 
Transition height (ft)? 



Outlet Structure File: BASIN-lA.STR 

POND-2 Version: 5.17 
Date Executed: 

S/N: 
Time Executed: 

************************ 
AMERICAN STEEL FOUNDRIES 

SEBRING FACILITY 
ALLIANCE, OHIO 

PROJECT# 2169.30 
************************ 

Outflow Rating Table for Structure #l 
CULVERT-CR Circular Culvert (With Inlet Control) 

****;' INLET CONTROL ASSUMED ***** 

Elevation (ft) Q (cfs) Computation Messages 

-------------- ------- ------------------------
1093.00 0.0 E < El~l097.5 
1093.50 0.0 E < El~l097. 5 
1094.00 0.0 E < El~l097.5 
1094.50 0.0 E < El~l097.5 
1095.00 0.0 E < El~l097.5 
1095.50 0.0 E < El~l097.5 
1096.00 0.0 E < El~l097.5 
1096.50 0.0 E < El~l097.5 
1097.00 0.0 E < El~l097.5 
1097.50 7.1 Submerged: HW ~4.5 
1098.00 7.5 Submerged: HW ~s.o 
1098.50 8.0 Submerged: HW ~5. 5 
1099.00 8.4 Submerged: HW ~6. 0 
1099.50 8.8 Submerged: HW ~6. 5 
1100.00 9.1 Submerged: HW ~7. 0 

Used Unsubmerged Equ. Form (1) for elev. less than 1094.14 ft 
Used Submerged Equation for elevations greater than 1094.48 ft 
HW~Headwater (ft) dc~Critical depth (ft) Ac~Area (sq.ft) at de 

Transition~flows interpolated from the following values: 
El~l094.14 ft; Ql~2.75 cfs; Dc~.71 ft; E2~1094.48 ft; Q2~3.14 cfs 



Outlet Structure File: BASIN-lA.STR 

S/N: POND-2 Version: 5.17 
Date Executed: Time Executed: 

-~*********************** 
AMERICAN STEEL FOUNDRIES 

SEBRING FACILITY 
ALLIANCE, OHIO 

PROJECT# 2169.30 
************************ 

Outflow Rating Table for Structure #2 
STAND PIPE Stand Pipe with weir or orifice flow 

***** INLET CONTROL ASSUMED ***** 

Elevation (ft) 

1093.00 
1093.50 
1094.00 
1094.50 
1095.00 
1095.50 
1096.00 
1096.50 
1097.00 
1097.50 
1098.00 
1098.50 
1099.00 
1099.50 
1100.00 

Q (cfs) 
-------

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
7.4 

15.9 
19.5 
22.5 
25.1 

Computation Messages 
------------------------
E < Inv.El.~ 1097.5 
E < El~l097.5 
E < El~l097.5 
E < El~l097.5 
E < El~l097.5 
E < El~l097.5 
E < El~l097.5 
E < El~l097.5 
E < El~l097.5 
Weir: H ~o.o 
Weir: H ~. 5 
Orifice: H ~l.O 
Orifice: H ~l. 5 
Orifice: H ~2.0 
Orifice: H ~2.5 

Weir Cw 3.33 Weir length~ 6.283186 ft 
Orifice Co .63 Orifice area~ 3.141593 sq.ft. 
Q (cfs) ~ (Cw * L * H**l.5) or (Co *A* sqr(2*g*H)) 
No transition used, transition height= 0.0 
Weir equation~ Orifice equation@ elev.~ 1098.259 ft 
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SEDIMENTATION BASIN #1 ROUTING CALCULATIONS 
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POND-2 Version: 5.17 S/N: 
EXECUTED: 11-14-1994 08:12:27 Basin lA 

Page 6 
Return Freq: 100 years 

*********'~'<'*******"'~ SUMMARY OF ROUTING COMPUTATIONS I ****'"**-k********** 

Pond File: 
Inflow Hydrograph: 
Outflow Hydrograph: 

b: rSIN-lA. PND 
b: -lOOYR .HYD 
b:Bl-OUT .HYD 

Starting Pond W.S. Elevation 1097. so ft 

***** Summary of Peak Outflow and Peak Elevation 

Peak Inflow 25.00 cfs ./ 

Peak Outflow 8 .ll cfs / 

Peak Elevation 1098.64 ft .--

***** Summary of Approximate Peak Storage ***** 

Initial Storage 
Peak Storage From Storm 

Total Storage in Pond 

1.67 ac-ft 
0. 73 ac-ft 

2.39 ac-ft 

***~"* 

_ s""""""'c" "'""~"' P' &<tc<l. to"N:.r,'{::: (31, 0:72 .f.t"-- Z7, 3/(, +6'-);o)6.r,t./+Z7J31Go 

(sa :>~<err JL,r- '"ft-) = 30
1 

O'io ft z. ..-

- PF}>t< J',/1 cf~ _._.. 

3o,o'lu ~tl" ..;- f!?./1 cis 

3 70'i f,Z ~ 
J 



POND-2 Version: 5.17 S/N: 
EXECUTED: 11-14-1994 08:12:27 Basin lA 

Page 1 
Return Freq: 100 years 

****************************** 
* * 
* AMERICAN STEEL FOUNDRIES * 
* SEBRING FACILITY * 
* ALLIANCE, OHIO * 
* pROJECT# 2169.30 * 
* * 
****************************** 

Inflow Hydrograph: b:l-lOOYR .HYD 
Rating Table file: b:BASIN-lA.PND 

----INITIAL CONDITIONS---
Elevation- 1097.50 ft 
Outflow 0.00 cfs 
Storage 1.67 ac-ft 

GIVEN POND DATA 

IELEVATIONI OUTFLOW I STORAGE I 
I (ft) I (cfs) I (ac-ft) I 
1---------1---------1----------1 
1 1093.00 1 o.o 1 o.ooo1 
1 1093.50 1 o.o 1 o.ol31 
1 1094.00 1 o.o 1 0.1061 
1 1094.50 1 o.o 1 0.2741 
1 l09s.oo I o.o 1 0.4601 
1 1095.50 1 o.o 1 0.6631 
1 1096.oo 1 o.o 1 0.8841 
1 1096.50 1 o.o 1 1.1241 
1 1097.00 1 o.o 1 1.3851 
1 1097 .so 1 o.o 1 1.6671 
1 1098.00 1 7.4 1 1.9701 
1 1098.50 1 8.0 1 2.2961 
1 1099.00 1 8.4 1 2.6451 
1 1099.50 1 8.8 1 3.0201 
1 1100.00 1 9.1 1 3.4191 

INTERMEDIATE ROUTING 
COMPUTATIONS 

2S/t 2S/t + 0 
I (cfs) I (cfs) I 
1------------1-------------1 

o.o 1 

3.2 1 

25.7 1 
66.3 1 

111. 2 1 
160.4 1 
213.9 1 
272 .o 1 

335.1 1 
403.4 1 
476.8 1 
sss.s 1 
640.2 1 
730.8 1 

827.3 1 

o.o 1 

3.2 I 
25.7 1 
66.3 1 

111. 2 1 
160.4 1 
213.9 1 
272 .o 1 

335.1 1 
403.4 1 
484.2 1 
563.5 1 
648.6 1 
739.6 1 

836.4 1 

Time increment (t) - 0.100 hrs. 

27 
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POND-2 Version: 5.17 S/N: Page 2 
EXECUTED: 11-14-1994 08:12:27 Basin lA Return Freq: 100 years 

Jnd File: b:BASIN-lA.PND 
Inflow Hydrograph: b:l-lOOYR .HYD 
Outflow Hydrograph: b:Bl-OUT .HYD 

INFLOW HYDROGRAPH ROUTING COMPUTATIONS 
------------------ ------------------------------------------------------

TIME I INFLOW Il+I2 2S/t - 0 2S/t + 0 I OUTFLOW I ELEVATION I 
I (hrs) I (cfs) I ( cfs) I (cfs) I (cfs) I ( cfs) I (ft) I 
1--------1--------- l---------l------------l-----------l---------l---------1 

I 11.000 I 0.00 403.4 I 403.41 0.00 I 1097.50 I 
I 11.100 I 1.00 1.0 404.2 I 404.41 0.09 I 1097.51 I 
I 11.200 I 1. 00 2.0 405.7 I 406.21 0.26 I 1097.52 I 
I 11.300 I 2.00 3.0 407.7 I 408.71 0.49 I 1097.53 I 
I 11.400 I 2.00 4.0 410.2 I 411.71 0.76 I 1097.55 I 
I 11.500 I 2.00 4.0 412.2 I 414.21 0.99 I 1097.57 I 
I 11.600 I 2.00 4.0 413.9 I 416.21 1.18 I 1097.58 I 
I 11. 700 I 3.00 5.0 416.1 I 418.91 1.42 I 1097.60 I 
I 11. 800 I 3.00 6.0 418.6 I 422.11 1.71 I 1097.62 I 
I 11. 900 I 4.001 7.0 421.6 I 425.61 2.04 I 1097.64 I 
I 12.000 I 7.001 11.0 427.2 432.61 2.67 I 1097.68 I 
I 12.100 I 14.001 21.0 440.0 448.2 4.11 I 1097.78 I 
I 12.200 I 22.001 36.0 462.7 476.0 6.65 I 1097.95 I 
I 12.300 I 25.001 47.0 494.5 509.7 7.59 I 1098.16 I 
I 12.400 I 22.001 47.0 525.8 541.5 7.83 I 1098.36 I 
I 12. 500 I 17.001 39.0 548.8 564.8 8.01 I 1098.51 I 

2.600 I 13. oo 1 30.0 562.7 578.8 8.07 I 1098.59 I 
L2.700 I 10.001 23.0 569.5 585.7 8.10 I 1098.63 I 
12.800 I 8.001 18.0 571.3 587.5 8.11 I 1098.64 I 
12. 900 I 6.001 14.0 569.1 585.3 8.10 I 1098.63 I 
13.000 I 5.001 11.0 563.9 580.1 8.08 I 1098.60 I 
13.100 I 4.001 9.0 556.8 572.9 8.04 I 1098.56 I 
13. 200 I 3.001 7.0 547.8 563.8 8.00 I 1098.50 I 
13. 300 I 3.001 6.0 538.0 553.8 7.93 I 1098.44 I 
13.400 I 3.001 6.0 528.2 544.01 7.85 I 1098.38 I 
13.500 I 3.001 6.0 518.7 534.21 7.78 I 1098.32 I 
13.600 I 2.001 5.0 508.3 523.71 7.70 I 1098.25 I 
13.700 I 2.001 4.0 497.1 512.31 7.61 I 1098.18 I 
13.800 I 2.001 4.0 486.0 501. 11 7.53 I 1098.11 I 
13.900 I 2.001 4.0 475.1 490.01 7.44 I 1098.04 I 
14.000 I 2.001 4.0 465.2 479.11 6.94 I 1097.97 I 
14.100 I 2.001 4.0 457.2 469.21 6.03 I 1097. 91 I 
14.200 I 2.001 4.0 450.6 461.21 5.29 I 1097.86 I 
14.300 I 2.001 4.0 445.2 454.61 4. 69 I 1097.82 
14.400 I 2.001 4.0 440.8 449.21 4. 20 I 1097.78 
14.500 I 2.001 4.0 437.2 444.81 3.79 I 1097.76 
14.600 I 2.001 4.0 434.3 441. 21 3.47 I 1097.73 
14.700 I 2.001 4.0 431.9 438.31 3.20 I 1097. 72 
14. 800 I 2.001 4.0 429.9 435.91 2.98 I 1097.70 
14.900 I 2.001 4.0 428.4 433.91 2.80 I 1097.69 
15.000 I 2.001 4.0 427.0 432.41 2.65 I 1097.68 
15.100 I 2.001 4.0 426.0 431. o 1 2.53 I 1097.67 
.5. 200 I 2.001 4.0 425.1 430.01 2.43 I 1097.66 

15.300 I 2.001 4.0 424.4 429.11 2.36 I 1097.66 
15.400 I 2.001 4.0 423.8 428.41 2.29 I 1097.65 

------------------ ------------------------------------------------------



J; (JP qz. 

POND-2 Version: 5.17 S/N: Page 3 
EXECUTED: 11-14-1994 08:12:27 Basin lA Return Freq: 100 years 

_ Jnd File: b:BASIN-lA.PND 
Inflow Hydrograph: b:l-lOOYR .HYD 
Outflow Hydrograph: b:Bl-OUT .HYD 

INFLOW HYDROGRAPH ROUTING COMPUTATIONS 
------------------ ------------------------------------------------------

TIME INFLOW I Il+I2 2S/t - 0 2S/t + 0 I OUTFLOW I ELEVATION I 
I (hrs) I (cfs) I I (cfs) I ( cfs) I ( cfs) I ( cfs) I (ft) I 
1--------1---------1 l---------l------------l-----------l---------1---------l 
I 15.500 I 2.001 I 4.0 I 423.3 I 427.81 2. 24 I 1097.65 I 
I 15.600 I 2.001 I 4.0 I 423.0 I 427.31 2.19 I 1097.65 I 
I 15.700 I 2.001 I 4.0 I 422.6 I 427.01 2.16 I 1097.65 I 
I 15.800 I 2.001 I 4.0 I 422.4 I 426.61 2.13 I 1097.64 I 
I 15.900 I 2.001 I 4.0 I 422.2 I 426.41 2.11 I 1097.64 I 
I 16.000 I 2.001 I 4.0 I 422.0 I 426.21 2.09 I 1097.64 I 
I 16.100 I 2.001 I 4.0 I 421.9 I 426.01 2.07 1 1097.64 I 
I 16.200 I 2.001 I 4.0 I 421.8 I 425.91 2.06 I 1097.64 I 
I 16.300 I 1.001 I 3.0 I 420.8 I 424.81 1.96 I 1097.63 I 
I 16.400 I 1.001 I 2.0 I 419.3 I 422.8 1. 78 I 1097.62 I 
I 16.500 I 1.001 I 2.0 I 418.0 I 421.3 1. 64 I 1097.61 I 
I 16.600 I 1.001 I 2.0 I 417.0 I 420.0 1. 52 I 1097.60 I 
I 16.700 I 1.001 I 2.0 I 416.1 I 419.0 1.42 I 1097.60 I 
I 16.800 I 0.001 I 1.0 I 414.6 I 417.1 1. 26 I 1097.58 I 
I 16.900 I 0.001 I 0.0 I 412.6 I 414.6 1.03 I 1097.57 I 
I 17.000 I 0.001 I 0.0 I 410.9 I 412.6 0.84 1097.56 I 

7.100 I 0.001 I 0.0 I 409.5 I 410.9 0.68 1097.55 I 
17.200 I 0.001 I 0.0 I 408.4 I 409.5 0.56 1097.54 I 
17.300 I 0.001 I 0.0 I 407.5 I 408.4 0.46 1097.53 I 
17.400 I 0.001 I 0.0 I 406.7 I 407.5 0.37 1097.53 I 
17.500 I 0.001 I 0.0 I 406.1 I 406.7 0. 30 1097.52 I 
17.600 I 0.001 I 0.0 I 405.6 I 406.1 0.25 1097.52 I 
17.700 I 0.001 I 0.0 I 405.2 I 405.6 0.20 1097.51 I 
17.800 I 0.001 I 0.0 I 404.9 I 405.21 0.17 1097.51 I 
17.900 I 0.001 I 0.0 I 404.6 I 404.91 0.14 1097.51 I 
18.000 I 0.001 I 0.0 I 404.4 I 404.61 0.11 1097.51 I 
18.100 I 0.001 I 0.0 I 404.2 I 404.41 0.09 1097.51 I 
18.200 0.001 I 0.0 404.1 I 404.21 0.07 1097.50 I 
18.300 0.001 I 0.0 404.0 I 404.11 0.06 1097.50 I 
18.400 0,001 I . 0.0 403.9 I 404.01 0.05 1097.50 I 
18.500 0.001 I 0.0 403.8 I 403.91 0.04 1097.50 I 
18.600 0.001 I 0.0 403.7 I 403.81 0.03 1097.50 I 
18.700 0.001 I 0.0 403.7 I 403.71 0.03 1097.50 I 
18.800 0.001 I 0.0 403.6 I 403.71 0.02 1097.50 I 
18.900 0.001 I 0.0 403.6 I 403.61 0.02 1097.50 I 
19.000 0.001 I 0.0 403.5 I 403.61 0.01 1097.50 I 
19.100 0.001 I 0.0 403.5 I 403.51 0.01 1097.50 I 
19.200 0.001 I 0.0 403.5 I 403.51 0.01 1097.50 I 
19.300 0.001 I 0.0 403.5 I 403.51 0.01 1097.50 I 
19.400 0.001 I 0.0 403.5 I 403.51 0.01 1097.50 I 
19.500 0.001 I 0.0 403.5 I 403.51 0.01 1097.50 I 
- 9. 600 0.001 I 0.0 403.5 I 403.51 0.00 1097.50 I 

9.700 0.001 I 0.0 403.5 I 403.51 0.00 1097.50 I 
19.800 0.001 I 0.0 403.4 I 403.51 0.00 1097.50 I 
19.900 0.001 I 0.0 403.4 I 403.41 0.00 1097.50 I 
20.000 0.001 I 0.0 403,4 I 403.41 0.00 1097.50 I 

------------------ ------------------------------------------------------



Flow (cfs) 
0,0 2.0 4,0 6.0 8.0 10.0 12.0 14,0 16.0 18.0 20.0 22.0 

'------l-----l-----l-----l-----l-----l-----l-----l-----l-----l-----l-
1 

, 5 -I X * 
I X * 

11.6-j x* 
I X * 

11.7 -1 X ;, 

I X * 
11.8-1 X* 

I X * 
11.9 -1 X '' 

I X * 
12 '0 -I X * 

I X * 
12' 1 -I X * 

I X •k 

12' 2 - I X * 
I X * 

12' 3 - I X 

* 
I 

12 '4 -I 
I 

12. s - 1 

I 
12.6 -1 

I 
7 -1 

I 
12.8 -1 

I 
12. 9 - 1 

I 
l3 '0 -I 

I 
13.1 -1 

I 
l3. 2 -I 

I 
l3' 3 -I 

I 
l3. 4 -I 

I 
TIME 
(hrs) 

* 
* 
* 
* 
* 

* 

* 
* 

,, 
* 

* 

X 

X 

X 

X 

X 

X 

X 

X * 
X * 
X 

* X 
X 

:\ 
X 't, ~ 
X ti:;l, 

: ~~ 
X 't 

X 

X 

X 

'' File: b: 1-lOOYR . HYD Qmax ~ 
x File: b:Bl-OUT .HYD Qmax ~ 

* 
* 

25.0 cfs 
8.1 cfs 

* 

* 

* 
* 

3Z ~~"' 'fZ 
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POND-2 Version: 5.17 
S/N: 

3 3 or-= 

Povo flU.. 

AMERICAN STEEL FOUNDRIES 
SEBRING FACILITY 

ALLIANCE, OHIO 
PROJECT# 2169.30 

CALCULATED 11-14-1994 09:22:29 v6JI- 11/1~/qLI 
DISK FILE: b:BASIN-2A.VOL 

--yS/7)121:.+C2E ~ol(. ;o;--',ej'z'-fl-rlf_~,.er-1 de:---z.CJvJTCr' 0'~ ;€t5c~ 

Planimeter scale: 1 inch~ 1 ft. 

* 
Elevation 

(ft) 
Planimeter 

(sq.in.) 
Area 

(acres) 
Al+A2+sqr(Al*A2) 

(acres) 
Volume 

(acre-ft) 
Volume Sum 

(acre-ft) 

1,077.50 
1,078.00 
1,079.00 
1,080.00 
1 081.00 
1,082.00 
1,083.00 

0.00 
3,952.00 ' 
5,188.00 
6 '424. 00 / 
7 878.00 
9,332.00 / 

11,269.00 

0.00 
0.09 
0.12 
0.15 
0.18 
0. 21 
0.26 

0.00 0.00 0.00 
0. 09 0.02 0.02 
0.31 0.10 0.12 
0.40 0.13 0.25 
0.49 0.16 0.42 
0.59 0.20 0.61 
0.71 0.24 0.85 

2 
IA ~ (sq.rt(Areal) + ((Ei-El)/(E2-El))*(sq.rt(Area2)-sq.rt(Areal))) 

where: El, E2 
Ei 
Areal,Area2 
IA 

Closest two elevations with planimeter data 
Elevation at which to interpolate area 
Areas computed for El, E2, respectively 

~ Interpolated area for Ei 

* Incremental volume computed by the Conic Method for Reservoir Volumes. 

Volume~ (1/3) * (EL2-EL1) *(Areal+ Area2 + sq.rt.(Areal*Area2)) 

where: ELl, EL2 
Areal,Area2 
Volume 

Lower and upper elevations of the increment 
Areas computed for ELl, EL2, respectively 
Incremental volume between ELl and EL2 

>.'f.:; 
¥ 
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Outlet Structure File: _BASIN-2A. STR 

POND-2 Version: 5.17 
Date Executed: 

S/N: 
Time Executed: 

************************ 
AMERICAN STEEL FOUNDRIES 

SEBRING FACILITY 
ALLIANCE, OHIO 

PROJECT# 2169.30 
************************ 

***** COMPOSITE OUTFLOW SUMMARY **** 

Elevation (ft) 

1077. 50 
1078.00 
1078.50 
1079.00 
1079.50 
1080.00 
1080.50 
1081.00 
1081.50 
1082.00 
1082.50 
1083.00 

Q (cfs) 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1.7 
1.9 
2.0 

-&:-&-

Contributing Structures 

2 
1 
1 
1 



Outlet Structure File: BASIN-2A.STR 

POND-2 Version: 5.17 
Date Executed; 

S/N: 
Time Executed: 

************************ 
AMERICAN STEEL FOUNDRIES 

SEBRING FACILITY 
ALLIANCE, OHIO 

PROJECT# 2169.30 
**..,':********************* 

Outlet Structure File: 
Planimeter Input File: 
Rating Table Output File: 

b:BASIN-2A.STR 
b:BASIN-2A.VOL 
b: BASIN- 2A. PND 

Min. Elev.(ft) ~ 1077.5 Max. Elev.(ft) ~ 1083 Incr. (ft) 

Additional elevations (ft) to be included in table: 

* * * * * * * * * * * * * * * * * * * * * * * * * * 

********************************************** 
SYSTEM CONNECTIVITY 

*********''(************************************ 
Structure 

CULVERT-CR 
STAND PIPE 

No. 

1 
2 

Q Table 
------

? 1 

Q Table 
-------

-> 1 
-> A 

Outflow rating table summary was stored in file: 
b:BASIN-2A.PND 

. 5 



Outlet Structure File: BASIN-2A.STR 

POND-2 Version: 5.17 
Date Executed: 

S/N: 
Time Executed: 

************************ 
AMERICAN STEEL FOUNDRIES 

SEBRING FACILITY 
ALLIANCE, OHIO 

PROJECT# 2169.30 
**********************~!:* 

>>>>>> Structure No. 1 <<<<<< 
(Input Data) 

CULVERT-CR 
Circular Culvert (With Inlet Control) 

El elev. (ft)? 
E2 elev. (ft)? 
Diam. (ft)? 
Inv. el. (ft)? 
Slope (ft/ft)? 
Tl ratio? 
T2 ratio? 
K Coeff.? 
M Coeff.? 
c Coeff.? 
Y Coeff.? 
Form 1 or 2? 
Slope factor? 

1081 
1083 ot-./ 
.5 
1077.5 -
.006 

. 0210 ~ 
1. 33 -
. 0463 -
. 75 -
1 
-. 5 -

5 u. P/16-C Zlo of; '-fL 

fo~ OE.$16-1-' (/If LV C-S. 



Outlet Structure File: BASIN-2A.STR 

S/N: POND-2 Version: 5.17 
Date Executed: Time Executed: 

************************ 
AMERICAN STEEL FOUNDRIES 

SEBRING FACILITY 
ALLIANCE, OHIO 

PROJECT# 2169.30 
************************ 

>>>>>>Structure No. 2 <<<<<< 
(Input Data) 

STAND PIPE 
Stand Pipe with weir or orifice flow 

E1 e1ev. (ft)? 
E2 e1ev. (ft)? 
Crest e1ev.(ft)? 
Diameter (ft)? 
Weir coefficient? 
Orifice coefficient? 

1081.0 
1083-00 I ./ 
1081 
1 
3.33 
.63 

Start transition e1ev.(ft)@? 
Transition height (ft)? 



LANDFILL CLOSURE AND POST-CLOSURE PLAN DECEMBER 1994 
AMERICAN STEEL FOUNDRIES FINAL 

SEDIMENTATION BASIN #2 ROUTING CALCULATIONS 

2169.30:RTE:ASF1116 



POND-2 Version: 5.17 S/N: 
EXECUTED: 11-14-1994 09:31:04 BASIN-2A 

Page 6 
Return Freq: 100 years 

***''*''************ SUMMARY OF ROUTING COMPUTATIONS *******;'********** 

Pond File: 
Inflow Hydrograph: 
Outflow Hydrograph: 

b:BA5IN-2A PND 
b:2-100YR .HYD 
b: 2A-OUT . HYD 

Starting Pond W.S. Elevation 1081.00 ft 

***** Summary of Peak Outflow and Peak 

Peak Inflow 9.00 
Peak Outflow 1. 94 
Peak Elevation 1082.18 

Elevation ***·** 
cfs -
cfs 
ft / 

***** Summary of Approximate Peak Storage ***** 

Initial Storage 
Peak Storage From Storm 

Total Storage in Pond 

0.42 ac-ft 
0.24 ac-ft 

0.65 ac-ft 

so.~.e,,-,,,~,, 17,;~-;:1 AI {;7•11, !08Z, II! 

(sa• SJ·Ice/ 33 0r- 'iZ- ) 
-= (, 11 z~ 9 f< ~ - ~. 3 ;z .ft• /;. o) a. ;s +- "!, 3 n 

"!, {, 61 ft ~ -

= 



POND-2 Version: 5.17 S/N: 
EXECUTED: 11-14-1994 09:31:04 BASIN-2A 

Page 1 
Return Freq: 100 years 

****************************** 
* * AMERICAN STEEL FOUNDRIES * 

* SEBRING FACILITY * 
* ALLIANCE, OHIO * 
* PROJECT# 2169.30 * 
* * 
****************************** 

Inflow Hydrograph: b:2-100YR .HYD 
Rating Table file: b:BASIN-2A.PND 

----INITIAL CONDITIONS---
Elevation~ 1081.00 ft 
Outflow 0. 00 cfs 
Storage 0.42 ac-ft 

GIVEN POND DATA 

IELEVATIONI OUTFLOW I STORAGE I 
I (ft) I (cfs) I (ac-ft) I 
1---------1---------1----------1 

. 1 1077. so 1 o. o 1 o. ooo 1 
1 1078.00 1 o.o 1 o.o1s1 
1 1078.50 1 o.o 1 o.0641 
1 1079.00 1 o.o 1 0.1201 
1 1079.50 1 o.o 1 0.1831 
1 l08o.oo 1 o.o 1 0.2531 
1 l08o.so 1 o.o 1 0.3311 
1 1081.00 1 o.o 1 0.4171 
1 1081.50 1 1. 7 1 o.s111 
1 1082.00 1 1.9 1 0.6141 
1 1082. so 1 2. o 1 o. 7261 

INTERMEDIATE ROUTING 
COMPUTATIONS 

2S/t 2S/t + 0 
I (cfs) I (cfs) I 
1------------1-------------1 
1 o.o 1 o .o 1 
I 3. 7 1 3. 7 1 

I 15. s 1 1s. s 1 
1 29.0 1 29.0 1 
I 44.21 44.21 
I 61.2 1 61.2 1 
1 80. o 1 80. o 1 
I 100. 8 1 1oo. 8 1 
1 123.7 1 125.4 1 
I 148.6 1 1so.s 1 
I 175.8 1 177.8 1 

Time increment (t) ~ 0.100 hrs. 



4 :.' r - ' 7 !r--

POND-2 Version: 5.17 S/N: Page 2 
EXECUTED: 11-14-1994 09:31:04 BASIN-2A Return Freq: 100 years 

. Jnd File: b: BASIN- 2A. PND 
Inflow Hydrograph: b:2-100YR .HYD 
Outflow Hydrograph: b: 2A-OUT .HYD 

INFLOW HYDROGRAPH ROUTING COMPUTATIONS 
------------------ ------------------------------------------------------

TIME INFLOW I Il+I2 2S/t - 0 2S/t + 0 I OUTFLOW I ELEVATION I 
I (hrs) I (cfs) I I (cfs) I (cfs) I (cfs) I ( cfs) I (ft) I 
1--------1---------1 l---------l------------l-----------1---------l---------l 

I 11.000 I 0.001 100.8 I 100.81 0.00 I 1081.00 I 
I 11. 100 I 0.001 0.0 100.8 I 100.81 0.00 I 1081.00 I 
I 11. 200 I 0.001 0.0 100.8 I 100.81 0.00 I 1081.00 I 
I 11. 300 I 0.001 0.0 100.8 I 100.81 0.00 I 1081.00 I 
I 11.400 I 0.001 0.0 100.8 I 100.81 0.00 I 1081.00 I 
I 11. 500 I 0.00 0.0 100.8 I 100.81 0.00 I 1081.00 I 
I 11.600 0.00 0.0 100.8 I 100.81 0.00 I 1081.00 I 
I 11.700 1. 00 1.0 101.7 I 101.81 0.07 I 1081.02 I 
I 11. 800 1.00 2.0 103.3 I 103.71 0.20 I 1081.06 I 
I 11. 900 2.00 3.0 105.5 I 106.31 0.38 I 1081.11 I 
I 12.000 4.00 6.0 110.1 I 111.51 0.74 I 1081.22 I 
I 12.100 7.00 11.0 118.3 I 121.11 1.40 I 1081.41 I 
I 12.200 9.00 16.0 130.7 I 134.31 1.77 I 1081.68 I 
I 12.300 8.00 17.0 144.0 I 147.71 1. 88 1081.94 I 
I 12.400 4.00 12.0 152.1 I 156.01 1.92 1082.10 I 
I 12.500 3.00 7.0 155.3 I 159.11 1. 93 1082.16 I 

2.600 2.00 5.0 156.4 I 160.31 1. 94 1082.18 I 
12.700 2.00 4.0 156.5 I 160.41 1. 94 1082.18 I 
12.800 1.00 3.0 155.6 I 159.51 1. 93 1082.17 I 
12.900 1. 00 2.0 153.8 I 157.61 1. 93 1082. 13 I 
13.000 1. 00 2.0 151.9 I 155.81 1.92 1082.10 I 
13.100 0.00 1.0 149.1 I 152.91 1. 91 1082.05 I 
13. 200 0.00 0.0 145.4 I 149.11 1. 89 1081. 97 I 
13. 300 0.00 0.0 141.6 I 145.41 1. 86 1081. 90 I 
13.400 0.00 0.0 138.0 I 141. 61 1.83 1081.82 I 
13.500 0.00 0.0 134.4 I 138. o 1 1. so 1081.75 I 
13.600 0.00 0.0 130.8 I 134.41 1.77 1081.68 I 
13. 700 0.00 0.0 127.3 I 130.81 1. 74 1081.61 I 
13. 800 0.00 0.0 123.9 I 127.31 1.72 1081. 54 I 
13. 900 0.001 0.0 120.7 I 123.91 1. 60 1081.47 I 
14.000 0.001 0.0 118.0 120.71 1. 38 1081.40 I 
14.100 0.001 0.0 115.6 118 .o 1 1.19 1081.35 I 
14.200 0.001 0.0 113.5 115.61 1.02 1081.30 I 
14. 300 0.001 0.0 111.8 113.51 0.88 1081.26 I 
14.400 0.001 0.0 110.3 111.81 0.76 1081.22 I 
14.500 0.001 0.0 109.0 110.31 0.65 1081.19 I 
14. 600 0.001 0.0 107.8 109.01 0.56 1081.17 I 
14.700 0.001 0.0 106.9 107.81 0.49 1081.14 I 
14.800 0.001 0.0 106.0 106.91 0.42 1081.12 I 
14.900 0.001 0.0 105.3 106.01 0.36 1081.11 I 
15.000 0.001 0.0 104.7 105.31 0.31 1081.09 I 
'.5. 100 0.001 0.0 104.2 104.71 0.27 1081.08 I 
_5.200 0.001 0.0 103.7 104.21 0.23 1081.07 I 
15.300 0.001 0.0 103.3 103.71 0.20 1081.06 I 
15.400 0.001 0.0 103.0 103.31 0.17 1081.05 I 

------------------ ---------------------- -------------------------------



II A ~: lj-• 
~ 

POND-2 Version: 5.17 S/N: Page 3 
EXECUTED: 11-14-1994 09:31:04 BASIN-2A Return Freq: 100 years 

ond File: b:BASIN-2A.PND 
Inflow Hydrograph: b:2-lOOYR .HYD 
Outflow Hydrograph: b:2A-OUT .HYD 

INFLOW HYDROGRAPH ROUTING COMPUTATIONS 
------------------ --------- --------------------------------------------

TIME I INFLOW I I Il+I2 2S/t - 0 2S/t + 0 I OUTFLOW I ELEVATION I 
I (hrs) I (cfs) I I (cfs) ( cfs) I ( cfs) ( cfs) I (ft) I 
1--------1---------1 1--------- ------------1----------- ---------1---------1 
I 15.500 0.001 I 0.0 102.7 I 103.0 0.15 I 1081.04 I 
I 15.600 0.001 I 0.0 102.4 I 102.7 0.13 I 1081.04 I 
I 15.700 0.001 I 0.0 102.2 I 102.4 0.11 I 1081.03 I 
I 15.800 0.001 I 0.0 102.0 I 102.2 0.09 I 1081.03 I 
I 15.900 0.001 I 0.0 101.8 I 102.0 0.08 I 1081.02 I 
I 16.000 0.001 I 0.0 101.7 I 101.8 0.07 I 1081.02 I 
I 16.100 0.001 I 0.0 101.6 I 101.7 0.06 I 1081.02 I 
I 16.200 0.001 I 0.0 101.5 I 101.6 0.05 I 1081.02 I 
I 16.300 0.001 I 0.0 101.4 I 101.5 0.04 I 1081.01 I 
I 16.400 0.001 I 0.0 101.3 I 101.4 0.04 I 1081.01 I 
I 16.500 0.001 I 0.0 101.2 I 101.3 0.03 I 1081.01 I 
I 16.600 0.001 I 0.0 101.2 I 101.2 0.03 I 1081.01 I 
I 16.700 0.001 I 0.0 101.1 I 101.2 0.02 I 1081.01 I 
I 16.800 0.001 I 0.0 101.1 I lOLl 0.02 I 1081.01 I 
I 16.900 0.001 I 0.0 101.1 I 101.11 0.02 I 1081.01 I 
I 17.000 0.001 I 0.0 101.0 I 101.11 0.02 I 1081.00 I 

.7 .100 0.001 I 0.0 101.0 I 101.01 0.01 I 1081.00 I 
17.200 0.001 I 0.0 101.0 I 101.01 0.01 I 1081.00 I 
17.300 0.001 I 0.0 101.0 I 101.01 0.01 I 1081.00 I 
17.400 0.001 I 0.0 100.9 I 101. o 1 0.01 I 1081.00 I 
17.500 0.001 I 0.0 100.9 100.91 0.01 1081.00 I 
17.600 0.001 I 0.0 100.9 100.91 0.01 1081.00 I 
17.700 0.001 I 0.0 100.9 100.91 0.01 1081.00 I 
17.800 0.001 I 0.0 100.9 100.91 0.00 1081.00 I 
17.900 0.001 I 0.0 100.9 100.91 0.00 1081.00 I 
18.000 0.001 I 0.0 100.9 100.91 0.00 1081.00 I 
18.100 0.001 I 0.0 100.9 100.91 0.00 1081.00 I 
18.200 0.001 I 0.0 100.9 100.91 0.00 1081.00 I 
18.300 0.001 I 0.0 100.9 100.91 0.00 1081.00 I 
18.400 0.001 I . 0.0 100.8 100.91 0.00 1081.00 I 
18.500 0.001 I 0.0 100.8 100.81 0.00 1081.00 I 
18.600 0.001 I 0.0 100.8 100.81 0.00 1081.00 I 
18.700 0.001 I 0.0 100.8 100.81 0.00 1081.00 I 
18.800 0.001 I 0.0 100.8 100.81 0.00 1081.00 I 
18.900 0.001 I 0.0 100.8 100.81 0.00 1081.00 I 
19.000 0.001 I 0.0 100.8 100.81 0.00 1081.00 I 
19.100 0.001 I 0.0 100.8 100.81 0.00 1081.00 I 
19.200 0.001 I 0.0 100.8 100.81 0.00 1081.00 I 
19.300 0.001 I 0.0 100.8 100.81 0.00 1081.00 I 
19.400 0.001 I 0.0 100.8 100.81 0.00 1081.00 I 
19.500 0.001 I 0.0 100.8 100.81 0.00 1081.00 I 
19.600 0.001 I 0.0 100.8 100.81 0.00 1081.00 I 
_9. 700 0.001 I 0.0 100.8 100.81 0.00 1081.00 I 
19.800 0.001 I 0.0 100.8 100.81 0.00 1081.00 I 
19.900 0.001 I 0.0 100.8 100.81 0.00 1081.00 I 
20.000 0.001 I 0.0 100.8 100.81 0.00 1081.00 I 

------------------ ------------------------------------------------------



Flow (cfs) 
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 ll.O 
.------l-----l-----l-----l-----l-----l-----l-----l-----1-----l-----l-
I 

+ - I X 

lx 
ll. 5 -I X 

lx 
ll. 6 -I X 

IX * 
ll. 7 -I X 

,, 
I X 

,, 
ll. 8 - I X ,, 

I X ,, 
11.9 - I X * 

I X 
,, 

12.0 - I X * 
I X * 

12.1 - I X * 
I X * 

12.2 - I X * 
I X * 

12.3 - I X * 
I X * 

12.4 - I X * \ I X * 
l2. 5 - I X * 

I X * 'i' 
12.6 - I X "' ~ 

I X l __ ,7 - I :\ ~ I * 
12.8 - I * ~ 

X <> 

l I * X I 12.9 - I * X 

I * X 

l3 .0 - I * X 

~ I * X 

l3 .l - I* X l I* X 

l3. 2 - I* X 

I* X 

l3. 3 -I* X 

I 
TIME 
(hrs) 

* File: b:2-l00YR .HYD Qmax 9.0 cfs 
X File: b:2A-OUT .HYD Qmax 1.9 cfs 
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COMPUTATION SHEET !Ei2Jll1NC 
~~~====~~~~---------------------------------SHEET--------~-------OF '~ 
744 Heartland Trail P.O. Box 8923 Madison. WI 53708-8923 (608) 831,4444 FAX: (608) 831-3334 
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d 
~ 
() 

i"J 

7.54 

30. 

Out1•~[2 
1 r • o. + L. «' 

p1pe L. -j tO{' '-•' 

diameter 0 0 " 0 \ a~ 

""' ~,r:,{<' 

\1/l,{\~"' 

Erosion and Sediment Control Handbook 

n 
0 
.~ 
~ 

o.s I I 
Discharge, ft 3/sec 

-4----~-+~++~~--~--~~~·~H--+-+~ 
0. 1 0.2 0.3 0.4 0.6 0.8 1 2 3 4 5 6 7 8 10 15 . 20 25 

Discharge, m 3/sec 

Fig. 7.45 Design of riprap outlet protection from a round pipe flowing full; minimum 
tailwater conditions. (6, 14) 

to find the riprap size and apron length. The apron width at the pipe end should 
be 3 times the pipe diameter. Where there is a well-defined channel immediately 
downstream from the apron, the width of the downstream end of the apron 
should be equal to the width of the channel. Where there is no well-defined chan
nel immediateli: downstream from the apron, mm1mum tailwater conditions 
~and the w1dth of the downstream end of the apron should be equal to the 

p1pe diameter plus the length of the apron. 

EXAMPLE 7.4 Riprap Outlet Protection Design Calculation for Minimum 
Tailwater Condition 

Given: A flow of 6 ft='/sec (0.17 m:l/sec) discharges from a 12-in (30-cm) pipe onto a 2 
percent grassy slope with no defined channel. 

Find: The required length, width, and median stone size dr,n for a riprap apron. 

/ 

' 

Water Conveyance and Energy Dissipation 7.55 

30. 

Outlet ~T 
pipe 

1 
5 l Wd-"'00 +0.4L. 

diameter t - ...L 
0 f---L.-1 

• 35 

<' 
v•Jo '" 

'!.0~ -v• ,(_-1---+-rl'lrt-r-r-tttrHrr-'l>q 0~ ~ 

o' 'I>Q' L~---t--,.-{r1Jl-jC1f-f-j"]~Hj"j-tj"~ p,-<:- 25 J- ao .... 

,~~ ~-<:- L~-----t1J~Jf~rL-t~lft-1"~-t~ltlir-~ >;)~ ,~~ 70.1' 

-~~ 20 >;)~ ~~-+----~,I~-Jfl~-t~~f,flfl~rt1ir-~ ..);-' -~'~ 60/ 
~' 

1.0 
3 0.9 

to+ .. A y ./ .,{ "' ..; ·"' '' .!' :. " l' ,;' r I I I I I . I 0.8 E ., 

::::Ff'?jljl~,t£JCJ.~~~f 
0.7 £ 
0.6 "U 

• 0.5 -~ 
0.4 g. 
0.3 -~ 
0.2 a: 

0.1 
I 1 I 1 1 In I 

3 5 10 20 50 100 200 500 

Oi:;charge, ft 3/s.ec 

,-----,-- I r I I r -- -,- T-Tl--.--.-.- ---T-- ,-----, 

.1 .2 .3 .4 .5.6.7.8.91 2 3 4 56 78 10 15 20 25 

Di:;charge, mJ/s.ec 

Fig. 7.46 Design of riprap outlet protection from a round pipe flowing full; maximum 
tailwater conditions. (6, 14) 

Solution: Since the pipe discharges onto a flat area with no defined channel, a mini· 
mum tailwater condition can be assumed. 

By Fig. 7.45, the apron length Lo and median stone size d.">{! are 10ft (3m) and 0.3 ft 
(9 em), respectively. The upstream apron width W .. equals 3 times the pipe diameter D.,: 

U',. = 3 X D, 

~ 3(! fl) ~ 3 fl (3(0.3 m) ~ 0.9 m] 

The downstream apron width Wd equals the apron length plus the pipe diameter: 

Wd = D,. +La 

1ft+ lOft~ lift (0.3 m + 3.0 m = 3.3 m) 

Nole: When a concentrated flow is discharged onto a slope (as in this example), gul· 
Jyine: can occur downhill from the out.IPt nrot.Pd.ion_ 'T'hP ,:;nrP~rljn..- or rnnr .. ntr .. t<>rl A.--.m 
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LANDFILL CLOSURE AND POST-CLOSURE PLAN DECEMBER 1 994 
AMERICAN STEEL FOUNDRIES FINAL 

DITCH AND DIVERSION BERM SIZING CALCULATIONS 

Purpose: 

The purpose of the ditches and diversion berms is to control surface water from drainage 

areas or watersheds (see Figure 4-1 in Section 4}. These control structures are sized to 

channel the peak storm run-off flow to the sedimentation basins in a controlled manner while 

maintaining low enough velocities to minimize erosion potential. The proposed design 

incorporates two types of ditch design, a V-notch, and a flat-bottom ditch with a minimum 

channel slope of 3 percent and a maximum slope of 1 0 percent. Ditches will be grass-lined 

and will be seeded, fertilized, and mulched immediately after completion of the finish grade 

construction. 

Methodologies: 

An in-house RMT computer program, which incorporates Manning's equation, is used to assist 

wtth the design. The program allows the user to enter the dttch geometry, the ditch peak flow 

(as determined by Quick TR-55}, and the vegetative retardance factor. At this point, the 

program begins an iterative process which adjusts the flow depth and Manning's Coefficient 

until the Trial Velocity and resultant velocity are wtthin 0.0001 foot per second (Ips) of each 

other. The end result is the peak flow depth and peak velocity for the geometry and peak flow 

entered. 

Assumptions: 

Ditching and diversion berms are sized for the post-closure landfill conditions. It is assumed 

that grass channels are adequate up to a veloctty of 5 Ips. Manning's numbers were selected 

for a "low" retardance (Type 'D') factor as given by the U.S. Soil Conservation Service. 

Results: 

Calculations indicate that grass lining will be acceptable tor all dttches and diversion berm 

channels since the •worst-case• ditch veloctty is 3. 7 Ips. For the locations of ditches and 

diversion berms, refer to Engineering Plan Sheet 38. Calculations were performed for each 

ditch and diversion berm draining into the sedimentation basins. For each situation, the area 

wtth the steepest slope within the channel was chosen for input into the calculation, making it 

the "worst-case" situation for each channel design. 

2169.30:RTE:ASF1116 
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RMT, Inc. 
Grass Channel Sizing Calculations 

Site: AMERICAN STEEL FOUNDRIES Date: 
Project#: 2169.30 User: 
Channel: Drainage ditch (flat bottom) 

ll-Nov- 94 
D.MARSHALL 

~do~~ q:-~t,:~~.::t~f~~:!...:;:,L~~--e:..!.?...!;LL"!.~.ti'!~A __ L~~~z:;:,~~t:ie~..'.::?..:!.J: 
FOR 100 YEAR STORM 

I. Input Parameters. 

A. Side slope, Zl (hor/vert) 

B. Side slope, Z2 (horjvert) 

C. Bottom width, B ~ 

D. Design channel slope, S 

E. Channel Peak Flow, Q 

F. Enter l 
2 

for Type 11 C" Veg. Retardence 
for Type "D" Veg. Retardence 

II. Peak Flow Calculations. 

A. Trial flow depth, D ~ 
(Bisection method until Va~Vb) 

B. Channel flow area, Ac ~ 
(.5*Zl*D'2) + (B*D) + (.5*Z2*D'2) 

C. Wetted Perimeter, Pw ~ 
(D*(Zl'2+1)'.5) + B + (D*(Z2'2+1)'.5) 

D. Hydraulic radius, Rh ~ 
(Ac/Pw) 

E. Velocity and hydraulic radius, VR ~ 
(Va * Rh) 

F. Channel flow Manning's coeff, nc 
Type "D" Veg. Retardence 

G. Trial velocity, Va ~ 
(Q/Ac) 

H. Resultant velocity, Vb 
(1.49/nc) * (Rh'.667) ;, (S'.5) 

3. 000 ft/ft -

6.000 ft/ft 

10.000 ft ~ 

0.030 ft/ft 

15.000 cfs -"' 

2 

0.497 ft 

6.079 sq ft 

14.593 ft 

0.417 ft 

1. 028 sfps 

0.058 

2.468 fps 

2.468 fps 

/ 0 < (p 



RMT, Inc. 
Grass Channel Sizing Calculations 

Site: AMERICAN STEEL FOUNDRIES Date: 
Project#: 2169.30 User: 
Channel: Drainage ditch (flat bottom) 

11-Nov- 94 
D.MARSI!ALL 

~~~~~:i.~!:,~;:::~~£~~'-L:::J~~===!!.:~:S':!_~~":f __ '2:!'~~--!.fl~IE~~4:t:§.:::~::!:.1~ 
FOR 100 YEAR STORM 

I. Input Parameters. 

A. Side slope, Zl (hor/vert) 3.000 ft/ft 

B. Side slope, Z2 (horjvert) 6.000 ft/ft 

c. Bottom width, B ~ 10.000 ft 

D. Design channel slope, s 0.050 ft/ft 

E. Channel Peak Flow, Q ~ 15.000 cfs / 

F. Enter 1 for Type "C" Veg. Retardence 2 
2 for Type nnn Veg. Retardence 

II. Peak Flow Calculations. 

A. Trial flow depth, D ~ 0.425 ft 
(Bisection method until Va~Vb) 

B. Channel flow area, Ac - 5.064 sq ft 
(.5*Zl*DA2) + (B*D) + (.5*Z2*DA2) 

c. Wetted Perimeter, Pw - 13.930 ft 
(D*(ZlA2+l)A.5) + B + (D*(Z2A2+l)A.5) 

D. Hydraulic radius, Rh - 0.364 ft 
(Ac/Pw) 

E. Velocity and hydraulic radius, VR - 1.077 sfps 
(Va * Rh) 

F. Channel flow Manning's coeff, nc 0.057 
Type non Veg. Retardence 

G. Trial velocity, Va ~ 2. 962 fps 
(Q/Ac) 

H. Resultant velocity, Vb~ 2.963 fps 
(1.49/nc) * (RhA.667) * (SA.5) 

-
,... 

,...-

,...-



RMT, Inc. 
Grass Channel Sizing Calculations 

Site: AMERICAN STEEL FOUNDRIES Date: 
Project#: 2169.30 
Channel: Drainage ditch (flat 

See Figure 4-1, Ditch in Area 

User: 
bottom) 
lB to Basin #l 

FOR 100 YEAR STORM 
I. Input Parameters. 

A. Side slope, Zl (horjvert) 

B. Side slope, Z2 (horjvert) 

C. Bottom width, B -

D. Design channel slope, S 

E. Channel Peak Flow, Q 

F. Enter 1 
2 

for Type "C 11 Veg. Retardence 
for Type "D" Veg. Retardence 

II. Peak Flow Calculations. 

A. Trial flow depth, D -
(Bisection method until Va-Vb) 

B. Channel flow area, Ac -
(.5*Zl*D'2) + (B*D) + (.5*Z2*DA2) 

C. Wetted Perimeter, Pw-

16 -Nov- 94 
D.MARSHALL 

3.000 ft/ft 

4. 000 ft/ft 

10.000 ft 

0.050 ft/ft 

12.000 cfs 

2 

0.390 ft 

4.438 sq ft 

12.845 ft 
(D*(ZlA2+1)'.5) + B + (D*(Z2'2+l)A.5) 

D. Hydraulic radius, Rh- 0.346 ft 
(Ac/Pw) 

E. Velocity and hydraulic radius, VR
(Va * Rh) 

F. Channel flow Manning's coeff, nc 
Type "D 11 Veg. Retardence 

G. Trial velocity, Va-
(Q/Ae) 

H. Resultant velocity, Vb 
(1.49/nc) * (RhA.667) * (s'.5) 

0.934 sfps 

0.061 

2.704 fps 

2. 704 fps 



RMT, Inc. 
Grass Channel Sizing Calculations 

Site: AMERICAN STEEL FOUNDRIES Date: 
Project#: 2169.30 User: 

11-Nov-94 
D.MARSHALL 

Channel: Drainage ditch (V-Notch bottom) 

~~~~~~~~f::"?:~~,J5,£-;.!.£~~'t:.L~~~2:..~!:i-;_~~.tl.f:.;£!L? 'i:~r;;~~'t!~~:l-t! z_ 
FOR 100 YEAR STORM 

I. Input Parameters. 

A. Side slope, Zl (horjvert) 

B. Side slope, Z2 (horjvert) 

C. Bottom width, B ~ 

D. Design channel slope, S 

E. Channel Peak Flow, Q 

F. Enter 1 
2 

for Type ncn Veg. Retardence 
for Type "D" Veg. Retardence 

II. Peak Flow Calculations. 

A. Trial flow depth, D ~ 
(Bisection method until Va~Vb) 

B. Channel flow area, Ac = 
(.5*Zl*D'2) + (B*D) + (.5*Z2*D'2) 

C. Wetted Perimeter, Pw = 
(D*(Zl'2+1)'.5) + B + (D*(Z2'2+l)A.5) 

D. Hydraulic radius, Rh ~ 
(Ac/Pw) 

E. Velocity and hydraulic radius, VR ~ 
(Va * Rh) 

F. Channel flow Manning's coeff, nc 
Type 11 D" Veg. Retardence 

G. Trial velocity, Va ~ 
(Q/Ac) 

H. Resultant velocity, Vb 
(1.49/nc) * (RhA.667) * (s'.5) 

3.000 ft/ft ~ 

4.000 ft/ft ~ 

0.000 ft ~ 

0.100 ft/ft " 
4.000 cfs 

2 ~ 

0.585 ft 

1.199 sq ft 

4.263 ft 

0.281 ft 

0.938 sfps 

0.061 

3.337 f]2S 

3.338 fps 



RMT, Inc. 
Grass Channel Sizing Calculations 

Site: AMERICAN STEEL FOUNDRIES Date: 
Project#: 2169.30 User: 

11-Nov- 94 
D.MARSHALL 

Channel: Drainage ditch (V-Notch bottom) 

==5i~Y=~q.,;.-::!,;:==7:;J==~=21,!_~.L1=ei="!.=£i~!:~~==~,;,~==~==~~S::,:::_=f!~=== 
FOR 100 YEAR STORM 

I. Input Parameters. 

A. Side slope, Zl (horjvert) 

B. Side slope, Z2 (horjvert) 

C. Bottom width, B = 

D. Design channel slope, S 

E. Channel Peak Flow, Q 

F. Enter l 
2 

for Type 11 C" Veg. Retardence 
for Type "D 11 Veg. Retardence 

II. Peak Flow Calculations. 

A. Trial flow depth, D ~ 
(Bisection method until Va~Vb) 

B. Channel flow area, Ac = 
(.5*Zl*D"2) + (B*D) + (.5*Z2*D"2) 

C. Wetted Perimeter, Pw ~ 
(D*(Zl"2+l)".5) + B + (D*(Z2"2+l)".5) 

D. Hydraulic radius, Rh ~ 
(Ac/Pw) 

E. Velocity and hydraulic radius, VR ~ 
(Va '' Rh) 

F. Channel flow Manning's coeff, nc 
Type "D" Veg. Retardence 

G. Trial velocity, Va ~ 
(Q/Ac) 

H. Resultant velocity, Vb 
(1.49/nc) * (Rh".667) * (S".5) 

3.000 ft/ft 

4.000 ft/ft ~ 

0.000 ft ~ 

0.100 ft/ft 

5.000 cfs -
2 

0. 621 ft -
l. 349 sq ft 

4. 522 ft 

0.298 ft 

1.106 sfps 

0.057 

--3.708 fps 

3.709 fps 

5 OF' {.p 



Site: 
Project #: 
Channel: 

RMT, Inc. 
Grass Channel Sizing Calculations 

AMERICAN STEEL FOUNDRIES Date: 
2169.30 User: 
Drainage ditch (V-Notch bottom) 

11-Nov-94 
D.MARSHALL 

~~~::,_2:E~E!5E;!.::!,£~:.~~L~:;;!":~ 12!.J.f:Cl:L.!.:...0__'3.f'eoJ'±~~jL2!!-~§:i.'2~-:'__'!!:.~l::.'
FoR 100 YEAR STORM 

I. Input Parameters. 

A. Side slope, Zl (horjvert) 

B. Side slope, Z2 (hor/vert) 

C. Bottom width, B ~ 

D. Design channel slope, S 

E. Channel Peak Flow, Q 

F. Enter 1 
2 

for Type "C 11 Veg. Retardence 
for Type "D" Veg. Retardence 

II. Peak Flow Calculations. 

A. Trial flow depth, D ~ 
(Bisection method until Va~Vb) 

B. Channel flow area, Ac ~ 

(.5*Zl*D'2) + (B*D) + (.5*Z2*D'2) 
C. Wetted Perimeter, Pw = 

(D*(Zl'2+1)'.5) + B + (D*(Z2'2+1)'.5) 
D. Hydraulic radius, Rh ~ 

(Ac/Pw) 
E. Velocity and hydraulic radius, VR ~ 

(Va * Rh) 
F. Channel flow Manning's coeff, nc 

Type "D" Veg. Retardence 
G. Trial velocity, Va ~ 

(Q/Ac) 
H. Resultant velocity, Vb 

(1.49/nc) * (Rh'.667) * (s'.5) 

3. 000 ft/ft 

4. 000 ft/ft / 

0. 000 ft / 

0.030 ft/ft ~ 

5. 000 cfs _..-

2 

0.811 ft 

2.305 sq ft 

5.912 ft 

0.390 ft 

0. 846 sfps 

0.063 

2.170 fps 

2.169 fps 
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LANDFILL CLOSURE AND POST-CLOSURE PLAN DECEMBER 1994 
AMERICAN STEEL FOUNDRIES FINAL 

PIPE STRENGTH CALCULATIONS 

Purpose: 

The purpose of the pipe strength calculations is to demonstrate that the pipes selected for 

each piping application will be able to withstand the potential worst-case loading conditions 

without sacrificing the pipes' design performance capabilities. 

Methodologies: 

For buried flexible pipelines, the controlling design criterion is ring deflection. By limiting ring 

deflection, the potential for deformation by wall buckling or wall crushing is greatly reduced. 

Flexible pipe is evaluated by calculating the expected deflection using the Modified Iowa 

Formula. The formula combines inherent properties of the pipe and the soil backfill material to 

determine pipe deflection, given an applied load. The formula is shown in Figure 1. 

For the piping application, the most severe (worst-case) loading condition must first be 

determined before solving the Modified Iowa Formula for deflection. Following the 

determination of the most severe loading condition, the pipe deflection is then determined. A 

printout of the calculations performed on a Lotus spreadsheet has also been included. 

Based on standard engineering practice for the design of most flexible buried pipes, the 

allowable defection for all pipes has been limtted to 5 percent. 

For HOPE pipe, most manufacturers recommend limiting deflection based on a function of the 

allowable tangential strain in the outer surface of the pipe wall. For landfill applications, the 

recommended allowable tangential strain is 5 percent. A tangential strain of 5 percent 

corresponds to an allowable deflection of from 9 to 40 percent depending on the pipe's 

Standard Dimensional Ratio (SDR). An allowable deflection of 5 percent will meet and exceed 

tangential strain requirements and will also provide a safety factor greater than 4. 

21 69.30:ATE:ASF1116 



LANDFILL CLOSURE AND POST-CLOSURE PLAN DECEMBER 1994 
AMERICAN STEEL FOUNDRIES FINAL 

Assumptions: 

Piping Applications 

6-inch-diameter (SDR 17) HOPE Drain Pipe 

Loading Conditions 

The structural stability of each pipe was analyzed for severe loading conditions. The severe 

loading conditions assumed are as follows: 

• Maximum equipment loaded on the pipe with a minimum soil cover (typically 
24 inches). 

• Maximum height of soil placed over the pipe. 

After the severe loads are determined, the maximum load for the piping configuration is 

entered into the Modified Iowa Formula to check ring deflection values. 

In determining the severe live load conditions, the following equipment was assumed to cause 

the highest live load condition during construction or operation of the landfill: 

Cat 637E Scraper 
Cat 826C Landfill Compactor 
Cat 04000 Articulated Dump Truck 

• Cat D9N WDA Dozer 

The vehicle specifications were determined from the Caterpillar Performance Handbook 

(Edition 20), and a concrete pipe handbook. 

Unit weights for the cover soils of 125 lb/ft' for the cover soil load and 120 lb/ft' for the pipe 

bedding material were used as conservative values. 

Results: 

The 6-inch-diameter (SDR 17) HOPE drain pipe was tested using the Modified Iowa Formula 

for deflection. Calculations for the drainage layer collection pipe indicate that the maximum 

pipe deflection with a loaded Cat 637E Scraper would be 4.2 percent. The factor of safety for 

this situation would be approximately 4.7. 

2169.30:RTE:ASF1116 
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COMPUTATION SHEET 
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~ 'POU4W<:.: . 

. ~ -.. . -- ·-· .. . 
- HA-V 1/"fU'-'f. iTO I..JIPHei-..rr /..0;4-o CA/ THI:T PI~ M;;t"/?f 

. /1- (i'fi__('JIJVIY~ ,s.i) I/... C4 '(!!"fZ- {. TfPt ~L-:r'J'f_,. }. _____ _ 

-- t11 A-Y IM vt'l( Hezd,l-fr ~F: .. !i<Jt 1.- _ ltN P /:C~ __ Nl!'?~ ___ c, ___ _ 

PL~ oveJZ.. TJ-117 I'IPt:- _. __ __ __ _ __ ___ _ 

t'1P Jt?7Z. n-ttr -stn~~ to~ __ ,jfz"?_-::P~i~im~-~- ____ _ 
/'11 ~y: I /Yl 1.1,...., (.. 0 .l'r-0 f'r; rz.. . ~- p J P€ {}t? /II Ff Cr. VM-f"l6A,/ 

It; eN Te72 eT:> I )J TO TH fF /f'7 () D I F"/ fTD ..X:O WA-.. ~11101 v.....4-
7V c.H~_ /2.Jt-!.6f. D€F:t.¥c.:noN 11-ND _Titt{4_B?IT1~ Snz.A-c_..J 
Vlfl-v/?5 o _ .. ___ ___ _ _______ _ 

0 

6~v>IP~ J.:a,.v,·~------ . . - --- --· ------- -- .. 

PtZDft"'. 11 Nl- _i3~_}.t/fNo~ooic. .. ~r-_~-p·vi. .. PIPe _D~i:i_;:.r_ 
/T-N 0 Ct;)N-sTTZ-I.;c.-'TCON_ _tqef.#')_r ___ ·----------- ------ ---- . -·. . 

..... ------·------PF' -·--· ·--- -- _-_ --.-
N~e. = ~5 L. - Poll- Ct:noJc.eN~ t-D.I"'"''S 

wu~ :_ _y)~~-==-_ T:Ht: u>_A-D 0!-l'IHw l'!(PG"r--!~f_~, .} l~"'CJ#, . 

_- -·-- ~-;~ : -;z;·:~~~':-n;;;::;.~;Si 't-~ T.~~JNI•;B!. :f:,coK;.J~ 
t.. :: /lie'.E"FFet.nv~ f.f!?-(~7'17 t:JF'-~ CO/'o1Dvlr{~'orz.t.e9S)Jt 

C.1o ::::THe: t,oltf::> e.ce-PF<t:...tt:1-lr t.-fiiCJ-f t~fi:._Fc;f'/c.noN "~ 
- Se./ {;1-() A+J 0 t.../{..;;._H) I· {,t..)_Hf?'lZ!£.;_ -- . . -

- H ... THe- r/e7CifHIOP. TH= FlU..~. THt:10P 
0~ THe ~!'PC' TO ~JU)LIND So.;/Z.F'1+c...£) fl. 

i3c.. "'- Ti-Te ])t!"rr¥1~ t?,:;. n-IG" PIP€' J ff. 



COMPUTATION SHEET 

ASF-- AL-LIANCE 
PfiiOJ!tCTt••oPOSAI. l'f • 

2/ (£, q. 30 

~'"!~-~-=-- w .. ~}~ 'Vjf ~cliP ti~ _·ii-/i P.TP.tf;·:~ibt~:~~~ (-e~··Jt.· _ . · . _ ~-,.,-,,·:~ P; -=~Tl-lt;"l.f:lLPi-;1ff/)F:.T1:f_ii J)~TP.t$~ ~;;$...~. lbfp-z.. 
•· , - ,.,,, -;::.. .::"T7-/e" /fi1PI+<--r ~1C~ ..... VSt:l.t;;(Ftl~t'f\ VNt-JUZ.t- i3~/c..J 

'8.,. : TH6. D/IIM~ Of: THe ?.iPe.; .f!f-. _________ ... 
C~:. =- 1H!f ?Ol+O.C.Otn?l.C-II;N'/fAJHttH... rs ~ FV~f:.not-1 OF 

_ D/ (j!-4) .lf':~o~'Q .rr1.j{;H. )_ f.t!:.I.Hil1Y!;: 12 tf1..1_Q IY1_4~ . . . 
tHe w, DTH Jt1.J '=' t..,;n..t~ , i2ee:o."P.tn:rNer..r) ~;:: 
Trl e _lflz.l;;1t PJI.err?. ~HHfi. . ....IJt£._..12!1.~19!!. ~ ·• 
~l't-0. -~J- 'ff.· -·--·-·--'· -~ ----·--· ............. .. 

The values of C, can be determined by use of Table_ 25:_ 
•' - ' . - . _... .. - . . ~ ·-----· 

.Q. 
2H -., 
~ 0.1 

0.1 0.019 
0.2 0.037 
O.J 0.053 
Q.4 0.067 

o.s 0.079 
0.6 0.019 
0.7 0.097 
0.1 0.103 

0.9 0.101 
1.0 0.112 
1.l 0.117 
1..5 0.121 
2.0 0.114 

TABLE 25- VALUES OFC . I 

Values of Load Coefficients, C , for Conaatnted and Distn'buted .. 
Superimposed Loads Venially Centered 0.... Cctnduit• 

I!LOI'J.. 
ZH_-1: 2H 

O.l O.J 0.4 o.s 0.6 0.7 o.a o.s 1.0 l.l 1..! %.0 

0.037 0.053 0.067 0.079 0.019 0.097 0.103 0.101 0.112 0.117 0.111 0.124 
0.072 0.103 0.131 0.155 0.174 0.189 0.202 0.111 O.ll9 O.l29 O.l31 O.l« 
0.103 0.149 0.190 0.224 o.~l O.l74 0.191 0.306 O.JII 0.333 0.345 0.355 
0.131 0.190 0.141 0.214 O.JlO 0.349 0.373 0.391 0.405 0.415 0.440 0.454 
0.155 0.224 0.114 0.336 O.J7! 0.414 0.4-41 0.463 0.411 0.505 0.525 0..540 
0.174 0.151 0.320 0.379 o.m 0.467 0.499 0.524 0.5<4-4 0.572 0.596 0Ji13 
0.119 0.274 O.JH 0.414 0.467 O..lll 0.546 0.514 0.597 0.62.1 0.650 0.674 
O.l02 0.192 0.373 0.4-41 0.499 0.546 0.514 Q.615 0.639 0.674 0.703 0.725 
0.111 O.J~ 0.391 0.463 0..124 0.574 o.615 0.647 0.673 0.711 0.742 0.766 
O.l19 0.311 0.405 0.411 0.5<4-4 0.597 0.639 0.673 0.701 0.740 0.774 0.100 
0.129 0.333 0.425 0.505 O..l!l 0.62! 0.674 0.711 0.740 o.ru OJlO 0.149 
0.231 0.345 0.440 0.525 0.596 0.650 0.703 0.742 0.774 o.uo OJ61 0.19-4 
0.24-4 0.355 0.454 0.540 0.613 0.674 0.725 0.766 OJOO 0.149 OJ94 0330 

5.0 

0.121 
O.l41 
0.360 
0.460 

0.541 . 
0.624 
0.6U 
0.740 

0.714 
0.416 
o.au 
0316 
0356 

•fnj1umct t:tNfllciun [01' solution of HoU".r 4nd NcwtftUI:'r in:qrario11 of tit# 8owzinU4 rqwn·o,. 
for -co/sl7ftl. · 

•.w•••• ::::t.!,::-.. !l'!l-rt.V:.'!'a,l~':'~:::c!'. 'MV.:~·;:.·::;, .. ·::.:.~.· .. ::~.-::.:= --... ,., .......... ,. .................... ,. .... ··-··~· ........... . 
1./'f?/Wif T/111 FO.Pttv~1 :PeTnl'lfiNi;- THs- lfll'rt:l'f,., b;.,

·~a VJPN1~1- ~~!-(;><;. ii=i:::>L n-t~ &" r;mt7111~ P1r:>es re> 
~e'"VS.q) IN THG" urNDF't/..(.... 1>e'SI6(N · . 

·-··· ·--~ -~-- ... 



COMPUTATION SHEET 

PAOJECT / fl'lt'QPOSAt. Ullil( 

--· --·· -- --· --------. ··-· 
CON'iotPc:7Z. IHG" Fot-<, <>~11-16{ 7(Pt'S OP ~l.ltPM!::;.Ji _P.;!-Itq.( 

.. /H2-C" {,.f,A:-1!!1-Y. 10 ~ ~ DvTZ-IAJ<:,_C.oN€-f7Z.Uc:...nof{ oiZ- OP/71'l-1+17ol0 
IPP rHt;" C.frNDPI':~-~~-~c.,a,.r ~<1"f€" SG.l2;+Perr;. > CA-T D'fN WDA:
&:>0 ~ ; . cA-T oo/ oo !:?: /f-12.1] t: 1/t...lffi;FD :v rJ tv~ P , m v_C#- ) __ !H-ID ~ 
~;)Co C. _(,.,1'!-ND"PIC..L coMPI"t-c.~n. . . -·-·. .. __ -·-· 

"-". --, 

. . . . / ---- - . -
0PtTf2.14"rfJ.Ja w~i:fl-fT (t.o~) =- /tf~; oca lb.s .. 
5f5"o WP'/ ~H.,--]:;~,.~~~!!1-vTU~A.J- -·· ·-·--· : . _ .. 

- . . -. . . ... -- ·-···---r--- --·- ..... - . --·---. :r- we:T«Hr PE;z. wJ.1~1..- "' 1 'f5 I oco ~ f'Z )-no !6s "':._P 
-·· .. . --- -·· - -1 _ ___.c::. ·- ... -

CA-/ 't"c;(p C,. UtNOF/-;_1..- c;;;;;p~2_'""' -:--~-~----·------- . 
. /'. ---· 

OT:'tmi+77A,JtJt ~~HT = (p'f, Tc<? lf>s ... ____ ; _ 

'Sl'/~-v t,.!fi/6ti.-i_.PI.Si-1-/f'.rJ_TiO-N -----=--=- ..... 
-=~rwtni,Hr:j:iiji' ~i.{tffl._;,. !If. fi?T ...... rt-J.f~?Jb, --=P-

-------· .. . ·-·. _!1. ......... ·--- .. ~ .. - -·-· 
... ----··- ... _.. --··- ... -- _______ iii:_______ ·-·--· .... - CA-T" Dfo_o p __ ~..IL~J/.J .. tJi'J:D_b.;l_J!!J.P___:m,vc.K- ___ .. _ .. 

:s'I/~=J.I~i..-wirirf.tr·-1),'5>~/6.>n~--;; {3 __ ,-~- ) q.~ 
V/f1it~. ~6J6rl:ll.' = Nl, ~o. /~ ·--·--. ---·· ... _ 
~ t,...J t:!U:rJ.I r _pi!.IJ,. wHes. "' Jl/11 roo ;,. di3 J .. (1'-F lbs -=- P 

. ___ · ----- ... ----~--- ----------· 

Forz. WHaU:W vf:iiJt...i..es > TJ-1~ Sc::.Z.4PU. ~ .(S.nre= ~---r. 
U'i>c!" THI~ Y/f'Wf: 70 'D~1NG /<If<-. _ --------· 

.. - ..... .. . . ?- -. -- - __ .. - - - . 
c.+'"~"' '0'1 tJ fAJr;;+ ~o ?:tSR- . . . _ - . . · 

OPI7TZI'r17Nq W!n6rH1= ~y,ooo jb4. . • . ) . , 
Gf/Ulvr-lr::>. C.ON'77'+C-T ~ =t;qf ;.,-...(~"li'D"· -;-.-~-.lf.,.p.c.Jr.. _,. .._;.JI(....,.2 {T ff,.:_f.~;t 
W676(1t'/' Pe'fZ. ~..,.. tf'l,oo0/1>6p =- .'lt,.oc;·~. 

fN~~IrY OF {.4)1+()"' '11; ~~r:_~3'1.'1<0'.·'){; .... ~jl(;:::"' ;?o[p;ri-= p 
~VA-I-V~ Ff'UM .:;~PIL-LA-R. P/!!1Z.I"'"-I'!Na6 . L.,~.t 1c f· 1-'~'-1 0,._.._ e'PI 'T'!C>>.J .;J<>, . w .. o 



ESTIMATED DEFLECTION 

; 

x • ~~~~~x~o~x~w~~~ (0.1<!1 X PS + 0.()$1 X E') ,· . 
w. DC X 00 X so 

. 1<4 . 

Ps E x I 
• O.l<iXRJ 

-- MOOIFitO :!().>.~,.. 
fOAMu~~ 

----·-

00 - Clil.rUk:!e ~lw ~ ple>e (\t'<l"'} 
K Bt<!dl"'l F•ctor • 0.1 
0 .... Dtne<:tlonla9FactOt ... 1 . .5 
W Wolghl P«Unullnch (IN><:.'! 
PS • Plpo Sil~nou(PS~ ' 
E I - so;! Modvh.JJ (S .. F19'x• 1) 
E • Fluvrol ModvlvJ (l'S~ 

• 1JJ,OCOPSIIorPEJ<oa 
. • .IOO,OCOPSIIorPE 2<()$ 

DC • Otplhcfca.-tr(IHil 
SO • SoKOoNity(ltn') 
SDR • Standard Oimtnllonol Rollo 
t • AvtnQ•Walll"'NeMu.a (l~ 

• 90 X 1,()$' 

SOR. ·-

I -- Momentotlnerta • 13112 
R • Mun Aaon ot lho plpo ~1\Ch) 

R • (00-0 
2 

,....., 
"'-"'t.'<.l 01' "[CI,.....U.T'O< ..... ua e# I' FOOl"""' F~ 

"""......., ,.., ... ,..,. Oo"""""l 

!'""-..."'"" ..., ................ ,.....,, ,.. ..,.,....,.... ............. ,.,.,.,.,., ...._ 
~ ou..lflcal~ ,,..,..,.. !.., 

fr:;'a ... ..o w. u , ""''' 
·'1041.1\~1.~11;1'\-·~ 

CM, J.lH. CH-I.UC 

~ ....... .s.en. i\.L < sq 
wfU'\ ~ II N P'UIII:Jtr a.. ,.,._ w...c... .v. ..... ...., 

IS-~-·-
"rJ~SoltU. < ¥! -

I --1\~ le I'll --rt.:#ly 
0..""'-""".a.. ..... .,.... ........ :s,....... ....... -vu-_ 

~---,.,_ ~. m. !IE~ c.an<ar.""'" 
........ 12 ~ fll,._c 

~....,SoAI...tll\1.-ml tit ,... .... _. 
~~JW,SI':V_ ........ 

l'lr.Mit-............. ---!I.O..S'Mol 0..9-al\ool 1).1«17, II: I~ 0..\;NI\ool l•l. 

!flL •l414~ 

14 

ICc 

2CO 

I,CICO 

~ ~Ill .. cUYi ..,._.., a,s.u,........, >•• ,.,..._ 
<~"",..,. '*"- .c0.10'1.1'1(. OW\, > 7CI"' I'll.."'-' 

................ ;_.......~, ..... ,....~ 
01:1• -.... \1M l' • 0 

Ito ·= I,CCO 

- t,CICO I,CICO 

t,CICO ! I,CICO I I.CCO 

S,CICO 

¥ C> "'T _..,. >01 ~ ...., ...,. of-.. ·~ f.•. Old-OC. OC.$1:.~ 
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COMPUTATION SHEET 

744 Heartland Trail P.O. Box 8923 Madison, W/53708-8923 (608) 831-4444 FAX: (608) 831-3334 

PROJECT/ PROPOSAL NAME 

sr::· A 

SOIL LoADS 

CoVE--R. 5oJL .. S - 1 2..5 pd 

PIPE BSDNN~ HATCf?IA-1...- 120 pcf 

• G-JncJ-.- ci1ame.kr pipe-
/ r _. 

P1P-6 seDDJNGr f\1/tTEI<JAL-- (a.s') (!ZCJ pc.c) = Ga rsf 
SOIL.- (z.s')(!2-5pc..f)-= 3/Z,5ps.P 

/DTftL SutL LOA-t:>= 60 +"3/l.S = .37z,S psf' 

vJ-::: {37z.s 1~s;e)(t~r-,_ \ ('"'.coz.s'i,..,)= l7.flb/Jh 
Jt.f /nz-) ... 

E&U!PM!3NT LoADS 

• &-inch- d.;tZrr~e.fer P'Pe-

'~"' 0, D, = ~<;,. it? 2.5 " "' ti, 55 2.. 

o. 552. - Q./38 
. z. (2.' ) 

.3' . :. CJ ' 7 5 / 
2..(21) 

/ 

I t-JTGRPt;LAT !N9 Fl<tJfvl IAB/...8 

/ 
W ==-(0,13C.J (i:f8,7SOib)(t.5) 

3' 

2..51 Cs = {).J.3G 
/ . / 

- 33/5 l!o/-f+ = 2-7G 1"/,J) 

/ 

••• G&UiPfvlSNT LoAD POS85 WoRST- CASE- . (27(o '.b/n > !7· I 1
'/,,..,) 



I 

I 
. I 



COMPUTATION SHEET f&!Jltl/NC 
-=~===~:.!_-------------SHEET _____ _,!l;c;,,_ 0F IU 
744 Heartland Trail P.O. Box 8923 Madison, W/53708-8923 (608) 831-4444 FAX: (608) 831-3334 

PROJECT/ PROPOSAL NAME 

A:s F - A-lllctr'!(;c 

PIP& CHA-f:.ACT£f<I.Si!C5 
CJ-D·::. t:;.. & z_ 5 I' 

rLA5t-URAL- MODUC..!J.-S, & =- 133,000ps• 
Av6. riAL.t- IH IC/<.IJ~-ss, t =- o.p." J,Q<P ""' 
N ::. z 7 c, I~>;," 'S"PR. 

'fiP6 5/RENC>fiHl PS::::. O.f'+'l R3 

I=-~;=- (o.L/t3,n) 3 =-O,CJQG/ 
I 2-_ 

/ 

C.,·w2.5 •1·00. "' O• l.f/3 in, 
I{ 

(( == a.v.- t::; =- c,.a,z..s- o. t./13' ..,. 3,1 oc, ~ 
2. 2-

ps = (133;D00ps1)(o:ood.) .= /78.7 psi 
(oo~'f 'I~ ( .3./oG ) 3 

fot<. P1P'6 '6fv11?>8t>DE3D tN CoM.S6-GyRAtrJ!3D Sotl--:o wml AW 
ASSU.fv18D D£~~66 cp CoMP!+-Ciiffl BEf.Tw&f3.Al '-ltJ -7tJ%. 
oF THe P.6t.-PrTtVI5 .P6N6lTLj )'THe CM.R5SP6ND!'Nq . 
'5oJi..fv'IOOUl-U.S (6') 1:5 ZaO.O.p,si (F!Gt.t) 

Assu.Mit.JG, B£DPtr.fe; eoNs!A!lr, 1< =- o.to A/liD n+e 
. D6Fl-f3CTJlJN LA<:q PACTOI< >b ; J, 5 

x=- K,o,w 
[o,l'-i'l)(ps)...-(Q.Oif>i]( 6') 

X::. (o.JD)(J,5)(2-7c'o 1"/,"') 

(o ,l'fq)( 178.7 psi) ;.(o.~J)( z.ooOps•J 

/r 
t.f, 2 dj. "- . 5 1. ) 

/ 
. , PIF£ STREN~TH t:S SUITABLE FoR. 

/.4-es6 COtv.DI l;trN'S 





. v \Cilf 
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***** MODIFIED IOWA FORMULA FOR HDPE PIPE DESIGN BY RING DEFLECTION ***** 

PROJECT NAME:ASF-ALLIANCE 
PROJECT NO. 08-Dec-05 
USER NAME :BLP 
DATE 31-0ct-94 

PIPE DESCRIPION: 6" DIA. (SDR 17) HDPE DRAIN PIPE 

<<< VARIABLES >>> 

STANDARD DIMENSION RATIO 
OUTSIDE DIAMETER (inches) 
WEIGHT / LINEAL INCH (1bs/in) 
SOIL MODULUS (psi) 

<<< CONSTANTS >>> 

BEDDING FACTOR 
DEFLECTION LAG FACTOR 
FLEXURAL MODULUS (psi) 

<<< CALCULATED VALUES >>> 

AVERAGE WALL THICKNESS (inches) 
MOMENT OF INERTIA (inch'3) 
MEAN RADII (inches) 
PIPE STIFFNESS (psi) 

DEFLECTION (inches) 

% DEFLECTION 

% TANGENTIAL STRAIN 

TANGENTIAL STRAIN ALLOWABLE 

FACTOR OF SAFETY 

17.0 
6.625 

276 
2000 

0.10 
1.5 

133 '000 

0.413 
0.006 
3.106 

175 

0.280 

4.22% 

1.05% 

5.00% 

4.75 





J-Jt:. ;~4UL~; mausntal l"'lpmg ;:,ysmm 

Pipt:. Jata and Pressure Ratings 

(Pipe weights are calculated in accordance with PPI TR-7) 

IPS' 
PIPE 

1 v." I 1.660 

2" 2.375 I .325 

3" 3.500 I .479 

4" 4.500 I .616 

5" 5.563 I .762 

.151 .31 

.91 I .264 .76 I .216 .64 

1.98 I .389 1.G5 I .318 1.39 I .259 

3.27 I .500 2.74 I .409 I . 2.30 I .333 

5.00 I .618 4.18 I .506 3.51 I .412 

WEIGHT 
LBIFT 

~v 

1.15 I .226 

1.90 I .290 

2.91 I .359 

1.02 I .206 · 

1.67 I .265 

2.57 I .327 

® 
, .. _,,.; 

.93 

1.54 I .214 1.26 

2.35 I .265 1.93 I .214 1.58 

6" 6.625 I .908 7.09 I .736 5.93 I .602 4.97 I .491 .427 3.64 I .390 3.34 I .316 2.74 I .255 2.23 I· .204 1.80 

7" 7.125 .420 3.87 I .340 3.17 I .274 2.58 I .220 2.09 

8" 8.625 I 1.182 I 12.01 I .958 I .10.05 I .785 8.43 I .639 1.00 I .556 6.16 I .508 5.66 I .411 4.64 I .332 3.79 I .265 3.05 

10" 110.750 I 1.473 I 18.66 I 1.194 I 15.62 I .978 I 13.10 I .797 I 10.89 I .694 I 9.59 I .633 I 8.80 I .512 I 7.21 I .413 5.87 I .331 4.75 

12" 112.750 I 1.747 I 26.251 1.417 I 21.97 I 1.160 I 18.43 I .945 I 15.31 I .823 I 13.47 I .750 I 12.36 I .608 I 10.14 I .490 8.26 I .392 6.67 

14" 114.000 I 1.918 I 31.64 I 1.556 I 26.49 I 1.273 I 22.20 I 1.037 16.24 I .824 I 14.91 I .667 I 12.22 I .538 9.96 I .431 8.05 

16" 116.000 I 2.192 I 41.34 I 1.778 I 34.61 I 1.455 I 29.00 I 1.185 21.21 I .941 19.46 I .762 I 15.97 I .615 I 13.02 I .492 I 10.51 

16" 118.000 I 2.466 I 52.31 I 2.000 I 43.79 I 1.636 I 36.69 I 1.333 26.85 I 1.059 I 24.65 I .857 I 20.19 I .692 I 16.48 I .554 I 13.29 

20" 120.000 I 2.740 I 64.57 I 2.222 I 54.05 I 1.818 I 45.30 I 1.481 33.13 I 1.176 I 30.42 I .952 I 24.921 .769 I 20.34 I .615 I 16.41 

22" 122.000 • 2.444 I 65.41 I 2.000 I 54.82 I 1.630 40.09 I 1.294 I 36.81 I 1.048 I 30.19 I .846 I 24.62 I .677 I 19.87 

24" 124.000 2.667 I 77.85 I 2.182 I 65.24 I 1.778 I 54.22 I 1.548 I 47.72 I 1.412 I 43.82 I 1.143 I 35.92 I .923 I 29.29 I .738 I 23.62 

26.000 2.869 I 91.35 I 2.364 I 76.56 I 1.926 I 63.63 I 1.677 I 56.02 I 1.529 I 51.40 I 1.238 I 42.13 I 1.000 I 34.39 I .soo I 27.74 

28" 128.000 2.545 I 88.79 I 2.074 I 73.76 I 1.806 I 64.94 I 1.647 I 59.62 I 1.333 I 48.86 I 1.077 I 39.89 I .862 I 32.20 

30" 130.000 2.121 I 101.94 I 2.222 I 84.68 11.935 I 74.56 I 1.765 I 68.45 I 1.429 I 56.13 I 1.154 I 45.78 I .923 I 36.92 

32" 132.000 2.909 1115.99 I 2.370 I 96.35 I 2.065 I 84.88 I 1.882 I 77.86 I 1.524 I 63.83 I 1.231 I 52.10 I .985 I 42.04 

34.000 2.519 1108.80 I 2.194 I 95.83 I 2.000 I 87.91 I 1.619 I 72.06 I 1.308 I 58.79 I 1.046 I 47.44 

36" 136.000 2.667 1121.98 I 2.323 2.118 I 98.56 80.79 11.385 I 65.93 I 1.108 I 53.18 

•tndustrial PE (polyethylene) pipe size_s are identified by IPS (iron pipe size) diameters which designate the 

nominal diameter tor 12" IPS AND SMALLER PIPE, AND 0.0. (outside diameter) for 14" IPS an·d larger pipe. 
• •check with your PLEXCO salea ol!lce for availability of this ilem or other sizes not listed. 

t Subject to minimum order quantities. ' 

191987 Amsted Industries, Inc. Q( 
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LANDFILL CLOSURE AND POST-CLOSURE PLAN DECEMBER 1994 
AMERICAN STEEL FOUNDRIES FINAL 

APPENDIX 0 

GEOTEXTILE DESIGN CALCULATIONS 

Purpose: 

The purpose of the geotextile design calculations is to demonstrate proper geotextile selection 

for its intended function. The filters are designed to provide reinforcement, separation, and/or 

to prevent excessive migration of soil particles while, at the same time, allowing flow of liquid 

from the soil. 

Methodologies: 

The design methodology utilized in selecting geotextiles is based on methods described in the 

Nicolon Corporation "Geotextile Filter Design Manual," which was developed by Geosyntec 

Consultants. The geotextiles were analyzed by evaluating the materials anticipated to be used 

adjacent to one another. The following geotextile applications were analyzed: 

1. General Soil/Geotextile - This configuration occurs in the final cover. A geotextile 
is used to separate the 1.5-foot general fill layer from the select granular fill 
drainage layer (see Detail 1 on Plan Sheet 68). 

2. Perimeter Drainage Layer Collection Pipe - This configuration occurs along the 
perimeter of the final cover. A geotextile is used to separate the select granular fill 
soil and compacted barrier layer soil from the aggregate pipe bedding material 
(see Detail 6 on Plan Sheet 68). 

3. Decontamination Pad/Geotextile - This configuration occurs under the 
decontamination pad. A geotextile is used to separate the select aggregate from 
the waste (see Detail 7 on Plan Sheet 6D). 

The geotextile design calculations have been performed using a series of steps which include 

defining the filter requirements, defining boundary conditions, determining the geotextile 

characteristics, and then selecting the appropriate geotextile. 

Assumptions: 

Assumptions regarding material characteristics adjacent to the geotextile were made for each 

of the design computations. The materials selected were determined to be the most likely 

material to be used tor the application. 

2169.30:RTE:ASF1116 



LANDFILL CLOSURE AND POST-CLOSURE PLAN DECEMBER 1994 
AMERICAN STEEL FOUNDRIES FINAL 

The following assumptions regarding material properties have been made (see computations 

for references): 

Soil Fines Content 

• All soil adjacent to geotextiles is assumed to conservatively have fines contents 
exceeding 20 percent. Upon actual selection of construction material source, this 
assumption may be re-evaluated. Since the survivability component of the 
geotextile sizing is likely the controlling factor, any adjustments to fines content will 
likely have no effect on geotextile sizing requirements. 

Minimum Hydraulic Conductivities of Soil 

• Select granular fill, K, = 1.0 x 1 o·3 cm/s 

• Select aggregate fill, K, = 1.0 x 10'2 cm/s 

• General soils, K, = 5.2 x 10·• cm/s (from HELP model, Appendix D) 

Hydraulic Gradients Across Geotextiles 

• General soil/geotextile - i = 1.5 

• Perimeter drain - i = 1.0 

• Decontamination pad - i = 1.5 

Results: 

The following table contains the recommended characteristics of the proposed geotextiles. 

These requirements are minimum allowable values except in the case of apparent opening 

size (095). 

GEOTEXTILE APPLICATION' (Continued) 

mm 

lbs 180 180 200 

elongation % 20 20 20 

2169.30:RTE:ASF1 I 16 
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GEOTEXTILE APPLICATION' (Continued) 

psi 290 290 320 

cm/s 0.015 0.015 0.015 

Engineer may require a letter from the supplier certifying that its geotextile meets 
specification requirements. 

FINAL 

Minimum. Use value in weaker principal direction. All numerical values represent 
minimum average roll value (i.e., test results from any sampled roll in a lot shall meet 
or exceed the minimum values in the Table). Stated values are for non-critical, non
severe applications. Lots sampled according to ASTM D4354. 

Geotextlle Sizing Calculations 

Applications (see Methodologies) 

1. General soil/geotextile application should be designed to provide adequate control 
of the migration of fines while providing large enough openings to allow free flow. 

2. The perimeter drainage layer collection pipe application should be designed to 
prevent migration of fines from the select granular fill layer into the pipe backfill. 
Migration of fines from the barrier layer is not considered to be significant due to 
the lack of hydraulic gradient. 

3. The decontamination pad geotextile primarily serves as a separation layer 
between the select aggregate fill and waste. Flow capacity is also a significant 
design consideration. 

Soil Retention Requirements (steady-state) 

Assuming retained soil has >20 percent clay, the most conservative soil retention 

requirements will be defined by: 

0 95 < 0.21 mm {#70 sieve) 

Provided the other geotextile sizing criteria are met, the geotextile meeting the above soil 

retention requirement will also be appropriate for coarser grained soil. 

2169.30:RTE:ASF1116 



LANDFILL CLOSURE AND POST-CLOSURE PLAN DECEMBER 1994 
AMERICAN STEEL FOUNDRIES FINAL 

Geotextile Permeability Requirements 

Soil hydraulic conductivities are assumed as follows: 

• Select granular fill, K, = 1.0 x 1 a·' cm/s 

• Select aggregate fill, K, = 1.a x 10·' cm/s 

• General soil, K, = 5.2 x 10'4 cm/s (from HELP model, Appendix D) 

Hydraulic gradients are assumed from Figure 3 (attached). 

1. General soil/geotextile - i = 1.5 

2. Perimeter drain - i = 1.a 

3. Decontamination pad - i = 1.5 

Minimum geotextile permeability, kg = iK, 

1. kg= 1.5 (1 x 1a") = 1.5 x 10'' cm/s 

2. kg = 1.a (1 x 10'") = 1.a x 10'2 cm/s 

3. kg= 1.5 (1 x 1a·") = 1.5 x 10'2 cm/s 

Use kg > 1.5 x 1 a·' cm/s to cover all applications. 

Anti-Clogging 

Use largest 0 95 that satisfies retention criteria (095 = a.21 or greater, depending on actual site 
soil). 

Survivabilitv Requirements (see attached Figure 4) 

All applications will have moderate installation conditions with low- or high-contact stresses. 

As a conservative assumption, at a minimum assume all geotextiles must meet survivability 

requirements for moderate installation conditions with high-contact stresses. 

In addition, the decontamination pad geotextile will be subjected to heavy equipment traffic. 

For this case, assume sever installation conditions with high-contact stresses. 

2169.30:RTE:ASF1116 
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Selected Geotextile 

A geotextile meeting the requirements presented in the Table in the Results section of this 

appendix will be acceptable. An example of a geotextile meeting the requirements for all three 

applications is as follows: 

Nicolon N-70 7.1 oz/yd2 geotextile 

2169.30:RTE:ASF1116 



FIGURE 3 

TYPICAL HYDRAULIC GRADIENTS(a) 

TYPICAL 
DRAINAGE APPLICATION HYDRAULIC 

GRADIENT 

STANDARD DEWATERING TRENCH 1.0 

VERTICAL WALL DRAIN 1.5 

PAVEMENT EDGE DRAIN 1 (b) 

LANDFILL LCDRS 1.5 

LANDFILL LCRS 1.5 

LANDFILL SWCRS 1.5 

DAMS 1 0( b) 

INLAND CHANNEL PROTECTION 1 (b) 

SHORELINE PROTECTION 10(b) 

LIQUID IMPOUNDMENTS 10(b) 

NOTES: (a) Table developed after Giraud, 1988. 

{b) Critical applications may require designing 
with higher gradients than those given. 
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FIGURE 4 

SURVIVABILITY STRENGTH REQUIREMENTS (a) 

GEOTEXTILE PROPERTylbl 

~ -c: "' 0 ~ 

z z w- Q II':'.; 
c-=o f--
Ul~ 0: 

"' 
CJ 
z 0: 0 a: -' 0 w 

HIGH CONTACT STRESSES 180 N/A 
MODERATE [ANGULAR DRAINAGE MEDIA) 

INSTALLATION [HEAVY COMPACTATION) OR 

CONDITIONS [HEAVY CONFINING STRESS) 

TYPICAL DRAINAGE 
APPLICATIONS) 

LOW CONTACT STRESSES 80 N/A 
(ROUNDED DRAINAGE MEDIA) 
[LIGHT COMPACTION) AND 
[LIGHT CONFINING STRESS) 

HIGH CONTACT STRESSES 

[DIRECT STONE PLACEMENT) 
200 15 

SEVERE 
INSTALLATION 

[DROP HEIGHT> 3 It) 

CONDITIONS 
SHORELINE 
PROTECTION AND 
ARMOURED SYSTEMS 
APPLICATIONS) LOW CONTACT STRESSES 

90 15 
(SAND OR GEOTEXTILE CUSHION 

[DROP HEIGHT< 3 It) 

NOTE: [a) Alter FHWA, 1985. 

(o) Test methods for determining geotext1le properties 
given in Table 4-6 in 'Geotextile Filter Design Manual' 
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